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INTRODUCTION 
Considerable importance has been assigned to the 
task of reducing accidents and fatalities on the nation's 
highways. In conjunction with Congressional directives 
expressed in Section 225 of the 1973 Highway Safety 
Act, guidelines were provided for evaluating the 
continuing highway safety programs. As a means of 
providing information necessary for authorization of 
appropriations for such programs, a report was prepared 
by the U.S. Department of Transportation on the costs 
and potential benefits of numerous highway safety 
alternatives. From that report ( 1 ), a ranking of accident 
prevention measures (by decreasing cost effectiveness) · 
was prepared and is presented in Table 1. As shown 
in Table 1, there is considerable variation in the number 
of lives that may be saved for a given expenditure. The 
highest ranking measure, which is mandatory safety belt 
usage, has a potential to save 89,000 lives over the next 
10 years, at a cost of 45 million dollars; this is only 
$506 for each fatality forestalled. At the other extreme, 
improvements in roadway alignment and gradient at 
selected high-accident locations have the potential to 
save less than 600 lives and would cost 4.5 billion 
dollars; this would be an expenditure of 7.68 million 
dollars for each fatality forestalled. These examples 
point out the great variations in benefits derived from 
different safety improvements. They also mark the 
significance of implementing safety improvements based 
on pOtential benefits rather than other criteria which 
are not necessarily the most cost-effective. 
The objective of the study was to outline 
procedures for developing an interstate safety 
improvement program specifically applicable to the 
Interstate System in Kentucky. In addition, the report 
is primarily a development of procedures which can be 
used for regularly updating the program. The guidelines 
also might be used for the preparation of safety 
improvement programs for other highway systems. 
Apparently the need for such a manual exists inasmuch 
as the guidelines presented in Federal Highway 
Administration Program Manual, 6-8-2-1, indicate that 
logical and comprehensive procedures should be 
developed for the selection, scheduling, construction, 
and evaluation of safety improvement projects on all 
highways. Whereas the present report specifically 
addresses the Interstate System, it is anticipated that 
programs for other highway systems will be developed 
in the future. 
DEVELOPMENT OF PROCEDURES FOR 
IDENTIFYING SAFETY NEEDS 
INVENTORY OF PAST IMPROVEMENTS 
Strip maps of the Interstate System in Kentucky 
are available from the Federal Highway Administration. 
They include routes, dates, limits of improvement by 
milepost, and types of improvements. Compilations of 
improvements already accomplished would follow 
therefrom and from other records. An example of the 
summary format for the Interstate System is presented 
in Figure 1. Inventorying and compiling safety 
improvements other than those done on the Interstate 
System is likely to be more difficult because safety 
measures oftentimes were piggy-backed on or combined 
with other improvements in ways which now make 
identification very difficult. 
After compiling the list, samples of improved 
sections and elements would be selected for detailed 
before-and-after accident analysis. These analyses may 
be used to determine which types of improvements have 
been successful in the past; and, thereby, greater 
emphasis may be placed on the most beneficial 
improvements when assigning priorities for selecting 
future safety improvements. Before-and-after accident 
statistics would be compiled for the sections in order 
to determine those wherein significant reductions in 
accidents occurred after the improvements were made. 
The accident statistics are available from a computer 
tape of the Uniform Police Traffic Accident Master File. 
Safety improvements are classified into seven major 
categories according to Federal Highway Administration 
Program Manual, 6-8-2-1. These major categories are 
subdivided further into subclassification codes which' 
will be used throughout this report. A list of safety 
improvements and classification codes is presented in 
Table 2. Past improvements, which have been evaluated 
previously by the Division of Research (2, 3, 4), are 
as follows: 
1. general 11 hardware-type!l safety improvements 
which included upgrading sections of 
interstate to current standards, 
2. skid-resistance treatments (overlays), 
3. lighting projects, 
4. signing and marking, 
5. installation of median barrier, and 
6. installation of impact attenuators. 
TABLE 1. RANKING OF COUNTERMEASURES BY DECREASING COST EFFECTIVENESS 
IN PRESENT VALUE DOLLARS -- 10-YEAR TOTAL (1) 
DOLLARS PER 
FATALITIES COST FATALITY 
COUNTERMEASURE FORESTALLED ($ MILLIONS) FORESTALLED 
I Mandatory Safety Belt Usage 89,000 45.0 506 
2 Highway Construction and Maintenance Practices 459 9.2 20,000 
3 Upgrade Bicycle and Pedestrian Safety Curriculum Offerings 649 13.2 20,400 
4 Nationwide 55-mph Speed Limit 31,900 676.0 21,200 
5 Driver Improvement Schools 2,470 53.0 21,400 
6 Regulatory and Warning Signs 3,670 125.0 . 34,000 
7 Guardrail 3,160 108.0 34,100 
8 Pedestrian Safety Information and Education 490 18.0 36,800 
9 Skid Resistance 3,740 158.0 42,200 
10 Bridge Rails and Parapets 1,520 69.8 46,000 
11 Wrong-Way Entry Avoidance Techniques 779 38.5 49,400 
12 Driver Improvement Schools for Young Offenders 692 36.3 52,500 
13 Motorcycle Rider Safety Helmets 1,150 61.2 53,300 
14 Motorcycle Lights-On Practice 65 5.2 80,600 
15 Impact Absorbing Roadside Safety Devices 6,780 735.0 108,000 
16 Breakaway Sign and Lighting Supports 3,250 379.0 116,000 
17 Selective Traffic Enforcement 7,560 1,010.0 133,000 
18 Combined Alcohol Safety Action Countenneaswes 13,000 2,130.0 164,000 
19 Citizen Assistance of Crash Victims 3,750 784.0 209,000 
20 Median Barriers 529 121.0 228,000 
21 Pedestrian and Bicycle Visibility Enhancement 1,440 332.0 230,000 
22 Tire and Braking System Safety Critical Inspection - Selective 4,591 1,150.0 251,000 
23 Warning Letters to Problem Drivers 192 50.5 263,000 
24 Clear Roadside Recovery Area 533 151.0 284,000 
25 Upgrade Education and Training for Beginning Drivers 3,050 1,170.0 385,000 
26 Intersection Sight Distance 468 196.0 420,000 
27 Combined Emergency Medical Countermeasures 8,000 4,300.0 538,000 
28 Upgrade Traffic Si~ls and Systems 3,400 2,080.0 610,000 
29 Roadway Lighting 759 710.0 936,000 
30 Traffic Channelization 645 1,080.0 ] ,680,000 
31 Periodic Motor Vehicle Inspection -- Current Practice 1,840 3,890.0 2,120,000 
32 Pavement Markings and Delineators 237 639.0 2,700,000 
33 Selective Access Control for Safety 1,300 3,780.0 2,910,000 
34 Bridge Widening 1,330 4,600.0 3,460,000 
35 Railroad-Highway Grade Crossing Protection (Automatic gates excluded) 276 974.0 3,530,000 
36 Paved or Stabilized Shoulders 928 5,380.0 5,800,000 
37 Roadway Alignment and Gradient 590 4,530.0 7,680,000 
NOTE: All figures have been rounded to three significant digits after 
internal computations were completed. 
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STATUS OF DEVELOPMENT OF THE NATIONAL 
SYSTEM OF INTERSTATE AND DEfENSE HIGHWAYS 
Figure I. 
PLANNED OR COMPLETED FACILITIES 
ON INTERSTATE ROUTES 
INTE.RSTATE PROJECTS 
NOTES 
MILES 
MILES 
Example of Information Available from FHWA Strip Maps of Interstate 
System. 
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TABLE 2. SAFETY IMPROVEMENT CLASSIFICATION CODES 
FROM FHWA PROGRAM MANUAL 6-8-2-1 
The following Classification Codes shall be used when reporting highway safety 
improvements: 
1. Intersection Projects 
10 Channelization, including left-turn bays 
11 Traffic signals, installed or improved 
12 Combination of 10 or 11 
13 Sight distances improved 
19 Other intersection work (except structures, Code 30-39) 
2 Cross SectiOn Projects 
20 Pavement widening, no lanes added 
21 Lanes added, without new median 
22 Highway divided, new median added 
23 Shoulder widening or improvement 
24 Combination of 20, 21, 22 and 23 
25 Skid Treatment/Grooving 
26 Skid Treatment/Overlay 
27 Flattening and( or) clearing of side slopes 
29 Other cross section work or combinations of above categories 
3. Structures 
30 Widening existing bridge or other major structure 
31 Replacement of bridge or other major structure 
32 Construction of new bridge or major structure (except to eliminate a 
railroad grade crossing or one for pedestrians only) 
33 Construction or improvement of minor structure 
34 Construction of pedestrian over- or under-crossing 
39 Other structure work 
4. Alignment Projects 
40 Horizontal aligmnent changes (except to eliminate highway grade crossing, 
Code 52) 
41 Vertical alignment changes 
42 Combination of 40 and 41 
49 Other alignment work 
5. Railroad Grade Crossing Projects 
50 Flashing lights replacing signs only 
51 Elimination by new or reconstructed grade separation 
52 Elimination by relocation of highway or railroad 
53 Illumination 
54 Flashing lights replacing active devices 
55 Automatic gates replacing signs only 
56 Automatic gates replacing active devices 
57 Signing and(or) marking 
58 Crossing surface improvement 
59 Other railroad grade crossing improvement 
TABLE 2. (CONTINUED) 
6. Roadside Appurtenances 
60 Installation or upgrading of traffic signs 
61 Breakaway sign or lighting supports 
62 Installation or improvement of road edge guardrail 
63 Installation or improvement of median barrier 
64 Installation of striping and(or) delineators 
65 Roadway lighting installation 
66 Improvement of drainage structures 
67 Installation of fencing 
68 Impact attenuators 
69 Other roadside appurtenances 
7. Other Safety Improvements 
90 Safety provisions for roadside features and appurtenances 
99 All projects not otherwise classifiable 
Accident reductions associated with safety 
improvements evaluated as part of the spot-safety 
improvement program are presented in Table 3 (3). 
Results of a before-and-after evaluation of general 
11 hardware-type 11 safety improvements on several 
sections of interstate are summarized in Table 4. 
During Fiscal Year 1977, $27,830,433 was spent 
on the Highway Safety Program in Kentucky. This 
included approximately 14.8 million dollars in Federal 
funds and approximately 13.0 million dollars in State 
funds. The types of improvements were rail crossings, 
hazard abatement, removal of roadside obstacles, 
pavement markings, demonstration roads, interstate 
safety improvements, and specially-funded operational 
improvements. Specific information about each of the 
projects is not readily available; however, past records 
will be searched to assure that previous improvements 
will not be duplicated. 
STATUS OF SAFETY PROJECTS FROM 
"PRECONSTRUCTION STATUS REPORT" 
The nPreconstruction Status Report 11 issued by the 
Division of Design is an excellent source for determining 
wheil, where, cost, and type of safety improvement 
scheduled for construction in the near future. An 
example of information available from the status report 
is presented in Figure 2. The tabulations will be used 
to ascertain that safety work will not be included in 
future needs files if it is already in the design or 
construction stage. Expansion of this list to include 
other types or classes of highways would be a simple 
matter j:asmuch as the "Preconstruction Status Report 11 
covers- all systems. 
PROGRAMS IN OTHER DEPARTMENTS OF 
TRANSPORTATION 
From a survey of seven states, it was found that 
six had some form of safety improvement program 
which included the Interstate System; however, none 
had a program designed specifically for that system. All 
of the states have some method of identifying hazardous 
locations based on accident records, and most have some 
type of inventory system which helps identify hazardous 
elements of the roadway. A summary of programs in 
those states which responded to the survey is given in 
Table S.The survey letter sent to officials in other states 
is included in APPENDIX A. 
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TABLE 3. ACCIDENT REDUCTIONS ASSOCIATED WITH 
SPOT-SAFETY IMPROVEMENTS 
NUMBER TOTAL 
TYPE OF OF ACCIDENT 
IMPROVEMENT PROJECTS REDUCTION 
(PERCENT) 
Signs and Markings 9 36 
Warning Signs 23 35 
Regulatory Signs 16 22 
Guidance Signs 10 14 
Sign Combinations 16 20 
Markings 8 16 
Sight Distance Imp. 9 28 
Post Delineators 3 25 
Comb. Delineators, Markings, II 22 
-a S1gns, Maintenance 
-~ Shoulder Improvements 7 23 <3 Comb. Resurface, Patchi_ng, 22 16 
Drainage, Deslick, Culvert 
Rumble Strips 8 29 
Remove Median Crossovers 2 29 
Lighting 
-58 
Lighting & Rumble Strips 1 17 
Rumble Strips & Beacon 2 32 
Side Road Sign Only 31 19 
Prepare for Sudden Stop Sign Only 19 25 
Side Road Sign & Warning Sign 15 27 
Signing 34 30 
Post Delineators 4 32 
Signs & Delineators 16 28 
~ Signs & Maintenance 6 47 ~ 
e Comb. Delineators, Markings, 16 24 ~ 
u Signs, Maintenance 
Resurfacing, Patch, Dr~inage, 22 33 
Deslick, Super, Culvert, Guardrail 
Re-alignment (Relocate) 3 32 
Signs & Markings 21 24 
Warning Signs II 27 
Regulatory Signs 5 48 
Regulatory & Warning Signs 20 16 
~ 
·~ Markings 17 16 Marking, Maintenance, & Signing 9 35 
~ Channelization - Storage Lane 13 15 
!l Channelization & Signs 2 37 
.s 
Install Beacons 13 2 
Upgrade Beacons 10 5 
Install Signals 10 23 
Upgrade Signals 2 18 
Total Improvements 447 24 
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TABLE 4. BEFORE:AND-AFTER ANALYSIS OF GENERAL IIARDWARE SAFETY IMPROVEMENTS 
(EIGHT INTERSTATE PROJECTS COVERING 132.6 MILES (213.4 km)) 
SEVERITY 
PERCENT 
NUMBER PROPERTY INJURY INJURY NUMBER NUMBER 
TIME OF DAMAGE AND AND OF OF 
PERIOD ACCIDENTS ONLY INJURY FATALITY FATALITY FATALITY INJURY FATALITY 
Before 1,091 682 377 32 409 37.5 608 42 
After 982 662 293 27 320 32.6 473 37 
PERCENT REDUCTION 
IN AFTER PERIOD 
Number of Accidents 10.0 
Percent Injury and Fatality 13.1 
Number of Fatal Accidents 15.6 
Number of Injury Accidents 22.3 
Number of Injury 
and Fatal Accidents 21.8 
Number of Injuries 22.2 
Number of Fatalities 11.9 
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TABLE 5. STATUS OF INTERSTATE SAFETY IMPROVEMENT 
PROGRAMS IN OTHER STATES 
Alabama has an Accident Identification and Surveillance Section which is implementing 
their CORRECT PROGRAM to include the following areas of investigation: (I) 
rail-highway crossings, (2) pavement marking, (3) high-hazards, (4) roadside obstacles, 
and (5) a safer roads demonstration. 
California has developed a program for traffic accident surveillance and analysis which 
identifies hazardous locations on highways. Their safety improvements program includes 
provisions for the following: (I) spot improvements, (2) wet-pavement corrections, (3) 
roadside obstacles, (4) narrow bridges, (5) rail-highway crossings, (6) signing and 
pavement markings, (7) median barrier installation, (8) slippery bridge deck correction, 
(9) and wrong-way driving prevention. 
Florida does not have an Interstate Safety Improvement Program. In cooperation with 
the FHWA, some locations are determined to need improvements, and there is an ongoing 
program to updatt older sections of interstate to present-day design. 
Indiana 1s in the process of developing a program called INTRACS for the purpose 
of analyzing losses experienced in motor vehicle accidents and thereby assist safety and 
law enforcement personnel in analyzing and improving high-accident locations which 
are susceptible to correction. High-accidef!.t locations will be analyzed by spots, 
intersections, and sections on the basis of number of accidents, accident rates, and the 
rate-quality control method. Three printouts will be prepared detailing roadway, driver, 
vehicle, and environmental information. The final product will be a summary of accident 
rates for various roadway classifications, a list of locations with accident rates greater 
than the critical number, and a summary of accident data by section. 
Since 1969, Ohio has been producing an annual listing of high-frequency accident 
locations and sections which include interstate highways among other classifications. 
Average accident rates are prepared annually for input into the rate-quality control 
method for interchanges, intersections, and sections. Specific categories of safety projects 
include (1) inadequate shoulder sections, (2) wet-pavement accident sections, (3) confiict 
of right-of-way sections, (4) accident priority locations, and (5) night accident locations. 
Oklahoma has developed a priority program of upgrading sections of interstate which 
are experiencing abnormally high frequencies of collisions involving fixed objects. A 
fixed-object collision rate was established to determine which sections of interstate 
should be improved first. When other highway systems were included in the program, 
the minimum rates required before consideration for improvement were: 0.40 
fixed-object collisions per mile per year for rural, non-interstate; 1.00 for urban, 
non-interstate; and 0.75 for interstate highways. 
North Carolina prepared a report which included all safety projects, landscape projects, 
and rest area projects for the Interstate Cost Estimate. Consideration was given to the 
following items: (I) traffic volumes; (2) accident rates; (3) completion of missing links 
of safety projects; ( 4) deficiencies in the study section of paved shoulders, drainage 
structures, and guardrail; and (5) coordinating safety improvements with landscape and 
rest-area projects. An inventory of hazardous locations identified a list of 398 locations 
consisting of 362 intersections, 7 bridges, and 29 sections. 
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RECOMMENDATIONS FOR 
IMPROVEMENTS FROM DIVISION 
AND DISTRICT ENGINEERS 
SAFETY 
DIRECTORS 
Many of the Divisions and Districts are involved 
with safety improvement projects, and they are usually 
more informed about some projects. Soliciting 
recon'imendations from other Divisions and Districts is 
a very minor task which could be beneficial in any type 
nf safety improvement program and would assure input 
from all interests within the Department. Inquiries 
resulted in responses from 9 of the 16 Division Directors 
and District Engineers. Among the most frequently 
mentioned suggestions were the following: {1) 
end-treatment for guardrail; (2) protection of vehicles 
at bridge ends and shoulder piers; (3) need for improving 
or reconstructing several ramps and interchanges 
throughout the Interstate System; ( 4) installation of 
raised, pavement markers; (5) refurbishing signs; (6) 
eliminating guardrail; (7) constructing fiush median box 
inlets and catch basins; (8) elimination of hazardous 
rock cuts; and (9) bridge widening. Particular emphasis 
was placed on improving entrance and exit ramps to 
and from interstate routes in Jefferson and Fayette 
Counties. The memo sent to each of the Division 
Directors and District Engineers, is included in 
APPENDIX B. 
ACCIDENT DATA FROM THE UNIFORM POLICE 
TRAFFIC ACCIDENT MASTER FILE AND FROM A 
MANUAL SEARCH OF ACCIDENT RECORDS 
The Uniform Police Traffic Accident Master File 
is a computerized file of all traffic accidents reported 
in Kentucky. This file may be searched; and data may 
be summarized such that descriptive information about 
locations, types, and causes of accidents is provided. As 
much information as practical should be included in 
these summaries in order to determine when and where 
safety improvements should be implemented. 
An example of the information extracted from the 
computer tape for the Interstate System is presented 
in APPENDIX C. Also there is a listing of the computer 
programs used to summarize information on interstate 
accidents. The same information is available for other 
highway systems. The same computer program, with 
only minor modifications, can be used to summarize 
both sets of data. 
Another phase of accident analyses dealt with a 
manual search of all accidents reported on the Interstate 
System for 1976. Approximately 6,000 reports were 
retrieved, and specific information about each accident 
was coded and keypunched for computerized analysis. 
Most of the information included in this summary could 
not be obtained from the Uniform Police Traffic 
Accident Master File. The causes were broken down into 
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bridge-related, interchange-related, and 
non-interchange-related accidents. There were 66 
categories. In Tables 7, 8, and 9.are lists of the various 
causes analyzed. The objective of this effort was to 
obtain those details about each accident which otherwise 
would not be obtainable. Computerized files of accident 
data from the Uniform Police Traffic Accident Master 
File should be merged with data summarized from the 
manual search. This combined file may then be used 
to summarize data according to the specific 
characteristics of the accident as listed in Table 9. The 
practicality of performing this analysis for other 
highway systems is questionable because so much 
personnel costs are incurred in the manual search. A 
small sample in the range of 2,000 accident reports 
might be a more reasonable number to work with if 
a decision is made to include the search analysis in the 
development of other safety improvement programs. 
The manual search resulted in a four-year history 
of fatal accidents on the Interstate System. A separate 
study of fatal accidents was conducted to determine 
their specific characteristics and the major contributing 
factors. An analysis of all fatal accidents would be 
possible for at least a one-year period for other highway 
systems. 
BRIDGE INVENTORY AND ADEQUACY RATINGS 
An inventory of interstate bridges may be made 
using data collected by the Division of Maintenance. 
Data, there, is based on procedures recommended by 
FHWA (5). Information about 84 items for each bridge 
is obtained. A computer printout of this information 
available for each bridge is illustrated in APPENDIX D. 
Using these printouts, several types of data may 
be used to determine the adequacy rating of each bridge. 
The new adequacy-rating program for bridges was 
developed in November 1976 and is based on a 
maximum of 100 points (6). The rated elements consist 
of the following ten elements: substructure (12 points), 
superstructure (12 points), fioor condition (8 points), 
design loading (8 points), roadway width (15 points), 
approach alignment (8 points), traffic safety features (12 
points), roadway height (10 points), waterway (5 
points), and remaining life {I 0 points). A description 
of the new rating procedure is given in APPENDIX E. 
The inventory of interstate bridges lists average 
annual daily traffic {AADT) and adequacy rating. The 
rating of each of the 10 elements is also given. Since 
twin bridges are normally used on interstates (except 
on interchange ramps), separate ratings are calculated 
for each one. Only the lower is used. All bridges are 
identified by route, county and milepost. Culverts are 
not included in the bridge inventory. 
TABLE 6. INTERCHANGE-RELATED ACCIDENT-EVENT CATEGORIES 
ENTRANCE RAMP 
50 Rear-end Accident on Ramp 
51 Sideswipe Accident on Ramp 
52 Angle Accident between Ramp Vehicle and Maioline Vehicle 
53 Rear-end Accident on Mainline at Ramp 
54 Ramp Vehicle Hit Fixed Object 
55 Maioline Vehicle Hit Fixed Object near Ramp 
56 Hit Median near Ramp 
57 Sideswipe Accident between Maioline Vehicles 
58 Accident at Intersection with Cross Street 
59 Vehicle Malfunction 
60 Extreme Weather Conditions -- Dense Fog, Driving Raio, Ice, or Snow 
61 Drastic Human Error -- Driver Fell Asleep while Driving, etc. 
62 Other Accident Related to Entrance Ramp 
63 Construction-related Accident 
64 Vehicle Overturned 
-· 65 Ran off Road 
66 Animal-related Accident 
67 Trailer-related Accident 
EXIT RAMP 
70 Rear-end Accident on Ramp 
71 Sideswipe due to Vehicle Turning onto Ramp from Wrong Lane 
72 Sideswipe Accident on Ramp 
73 Vehicle Hit Fixed Object in Gore 
74 Vehicle Hit fixed Object not in Gore 
75 Rear-end Accident before Ramp 
76 Sideswipe due to Lane Drop 
77 Accident at Intersection with Cross Street 
78 Vehicle Hit Median near Ramp 
79 Vehicle Malfunction 
80 Extreme Weather Conditions ~~ Dense Fog, Driving Rain, Ice, or Snow 
81 Drastic Human Error -- Fell Asleep while driving, etc. 
82 Other Accident Related to Exit Ramp 
83 Construction-related Accident 
84 Crash-Cushion Accident 
85 Vehicle Overturned 
86 Ran off Road 
87 Animal-related Accident 
88 Trailer-related Accident 
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TABLE 7. BRIDGE-RELATED ACCIDENT-EVENT 
CATEGORIES 
I Hit Approach Guardrail 
2 Hit Guardrail Just Past Bridge 
3 Hit Bridge Abutment 
4 Hit Bridge Rail 
5 Hit Bridge Curb 
6 Accident on Bridge after Sliding on Wet or Icy Deck 
7 Hit Another Car on Bridge -- Dry Conditions 
8 Hit Overpass Bridge Pier on Right Side of Road 
9 Hit Overpass Bridge Pier on Left Side of Road 
1 0 Vehicle Overturned 
11 Other Bridge-related Accident 
12 Construction-related Accident 
13 Rear-end Accident on Bridge 
14 Vehicle Malfunction 
IS Drastic Human Error 
16 Ran off Road 
17 Animal-related Accident 
18 Trailer-related Accident or Wide Load 
There are approximately 250 sets of bridges on the 
system. To identify bridges which warrant improvement, 
a priority listing may be made by ranking according to 
adequacy rating and other elements included in the 
inventory file. An example in APPENDIX F was based 
on (1) total adequacy rating, (2) substructure condition, 
(3) superstructure condition, (4) floor condition, (5) 
traffic safety features, and (6) waterway condition. 
PROCEDURES FOR IDENTIFICATION OF 
HAZARDOUS LOCATIONS AND SECTIONS 
Procedures and criteria were developed recently for 
identifying high-accident locations on interstate 
highways in both urban (large and medium size) and 
rural areas (7, 8). The procedures involve scanning the 
computer accident tape to detect spots and sections 
having unusually high numbers of accidents in the past 
year. At these spots and sections, volume data are used 
to compute accident rates, and the Rate-Quality Control 
method is used to determine which rates are unusually 
high for various areas (large urban, medium urban, or 
rural) and traffic volumes. A description of the 
procedure is given in APPENDIX G. 
Information coded and computerized from 
accident reports does not include information about the 
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specific type of location where the accident occurred. 
Such information is usually contained in the diagram 
or in the written accident description. In order to 
classify each accident by type, all of the approximately 
6,000 accident reports for 1976 were reviewed and 
coded as related to (!) bridge, (2) interchange, or (3) 
non-interchange. Interchange-related accidents are 
categorized as being related to the entrance ramp or the 
exit ramp. Further classification of each accident was 
made under one or more of the 66 categories previously 
presented in Tables 6, 7, and 8 This information was 
obtained to supplement the data on computer tape. 
After accidents were classified as bridge-related, 
interchange-related, or non-interchange-related, sums of 
each type may be found. Dividing by the number of 
interchanges and bridges on the Interstate System gives 
the average number of accidents for each situation. 
Traffic volumes may be obtained from the Division of 
Systems Planning to calculate the statewide average rate 
for bridges and interchanges on the Interstate System. 
The accident tape may be searched to find locations 
having unusually high accident numbers. Accident rates 
calculated for these locations would indicate those 
which are critical. 
TABLES. NON-INTERCHANGE-RELATED ACCIDENT-EVENT 
CATEGORIES 
20 Rear-end Accident on Shoulder 
21 Rear-end Accident in Traffic Lane 
22 Sideswipe Accident due to Lane Change 
23 Sideswipe or Rear-end Accident due to Car Pulling from Shoulder 
24 Hit Median Barrier 
25 Hit F~xed Object on Right Side of Road 
26 Hit Fixed Object on Left Side of Road 
27 Median Cut -- Rear-end due to U-turn 
28 
29 
30 
31 
Median Cut - Angle or Other Accident due to U-tum 
Head-on Collision 
Wrong-way Vehicle - Other Collision 
Construction Area Accident 
32 Accident at Rest Area 
33 Accident at Entrance or Exit Ramp to Rest Area 
34 Weigh Station Accident 
35 Vehicle Malfunction -· Tire Blowout, Brakes Failed, etc. 
36 Extreme Weather Conditions -- Heavy Fog, Driving Rain, Ice, or Snow 
37 Drastic Human Error - Fell Asleep while Driving, etc. 
38 Other Non-interchange Accident or Not Stated 
39 Vehicle Overturned 
40 Forced off Road 
41 Trailer-related Accident or Wide Load 
42 Ran off Roadway 
43 Animal-related Accident 
TABLE 9. ACCIDENT CHARACTERISTICS 
SUMMARIZED FROM COMPUTERIZED 
AND CODED DATA 
1 Summary by highway number 
2 Summary by roadway surface 
3 Summary by roadway character 
4 Summary by lighting condition 
5 Summary by month 
6 Summary by day of week 
7 Summary by type of accident (1st event) 
8 Summary by type of accident (2nd event) 
9 Summary by population of city 
10 Summary by traffic control 
11 Summary by weather 
12 Summary by location of first event 
13 Summary by accident description 
14 Summary by contributing factors -- environmental 
15 Summary by contributing factors -- vehicular 
16 Summary by contributing factors - human 
17 Summary by pre-accident vehicle action 
18 Summary by driver residence 
19 Summary by vehicle type 
20 Summary by hour of day 
21 Summary by county 
22 Summary by city 
23 Summary by type of injury 
24 Summary by violations 
25 Summary by directional analysis 
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Another analysis may be made for 0.3- and !-mile 
(0.48- and 1.6-km) sections to locate hazardous sections. 
A computer program is available which will scan the 
accident tape and find sections which have accidents 
exceeding a certain critical level. Traffic volumes would 
be obtained for these sections to determine those having 
critical accident rates. 
Additional statistics may be summarized in order 
to locate those sites and sections which may be 
considered hazardous. Among these are accidents per 
mile, severity of accidents per mile, number of wet 
weather accidents per mile, the number of accidents 
during nighttime conditions, and the number of 
accidents involving fixed objects per mile. Some of the 
more frequently occurring types of fixed-object 
accidents may be summarized separately. 
SPECIFIC ELEMENTS OF THE ROADWAY WHICH 
WARRANT IMPROVEMENTS 
Offending features of the roadway may be 
identified by means of computerized accident 
summaries. Features identified may be investigated 
further for the purpose of determining costs of 
improvements, assigning benefits, and ranking by 
priority. Elements previously investigated for the 
purpose of identifying accident~causing factors are 
guardrails, bridges, median crossovers, gore areas, 
non-breakaway signs and utility and light poles, and 
slippery pavements (2, 4, 9, 10, 11, 12). Included in 
APPENDIX H are summaries from previous research 
dealing with guardrails, median barrier walls, hazardous 
gore areas, median width and a combination of several 
general safety i~nprovements on a section of I 75 in 
northern Kentucky. Hazardous elements of the roadway 
are identified and recommendations for improvements 
are made. 
Limited inventories of the Interstate System appear 
to be the most practical means of conducting a final 
investigation before the improvements are included in 
a program. Photologging files may be used to 
supplement a limited inventory: The search then will 
concentrate a small number of obvious roadside 
obstacles which warrant improvement and which may 
be improved at a reasonable cost. 
An inventory of all systems may not be practical 
inasmuch as the task would involve several thousand 
miles of road compared to approximately 650 miles 
(1,040 km) for the Interstate System. 
IDENTIFICATION OF ROADSIDE OBSTACLES 
The limited inventory referred to will be the source 
for identifying roadside obstacles such as guardrail and 
bridges. Inventorying will be a relatively minor task for 
interstates but a very consuming part of a 
comprehensive,' statewide safety improvement program. 
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Responsibility for inventorying might be delegated to 
the respective Districts. Another alternative is to develop 
critical, identifying rates from samples representing each 
of the highway systems. 
IDENTIFICATION OF SECTIONS HAVING LOW 
SKID RESISTANCE AND RANKING ACCORDING TO 
ACCIDENT STATISTICS 
Skidding hazards are evidently related to speed and 
density of traffic, turning and stopping movements, and 
roadway geometries. Critical values in relationship to 
wet-pavement accidents have been derived for interstates 
and toll roads ( 13) and for principal, two-lane roads (US 
routes) (14). The critical skid number for interstates and 
toll roads is about 40; the critical value for principal, 
two-lane roads is between 38 and 43. Figure 3 is 
presented here for illustration; it shows the relationship 
between the ratio of wet- to dry-pavement accidents and 
skid numbers without stratification or grouping with 
respect to traffic volume. 
Skid numbers near or less than the critical values 
do not riecessarily "identify -high-accident roads or sites; 
only accident records qualify as first-order identifiers. 
The ratio of wet- to dry-pavement accidents (excluding 
those in snow and on ice) is a significant factor in 
diagnostic criteria, and it is particularly adaptable for 
screening sections. This ratio, when known and applied 
· specifically, tends to embrace a range in skid resistance 
from 39 to 26. Below 26, pavements are categorically 
designated as very slippery. The following guide has been 
suggested ( 14) for assessing pavements in regard to skid 
resistance in Kentucky: 
Skid Number 
Above 39 
33 to 39 
26 to 32 
Below 26 
Skid Resistance 
Assessment 
Skid Resistant 
Marginal 
Slippery 
Very Slippery 
Speed limits, however, have been reduced from 60 mph 
(26.8 m/s) (daytime) to 55 mph (24.6 m/s) since the 
development of those guides. The relationship between 
accidents and pavement friction, therefore, may have 
altered. A study of those after-effects is going forward. 
A procedure for ranking pavements by skid 
numbers and accidents was developed during 1977 (15). 
The procedure and its application to non-interstate roads 
is presented in APPENDIX I. The procedure is applicable 
to interstate roads, but application must await the 
redevelopment of relationships between the ratio of wet-
to dry-pavement accidents and skid number. This 
relationship will be developed during the first half of 
1978. 
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Figure 3. Average Ratio of Wet~ to Dry·Pavement Accidents versus Skid Number; 
230 Sections Grouped by Skid Number without Stratification by Volume 
of Traffic. 
The Interstate System was surveyed for skid 
resistance between July and September 1977. 
Measurements were made with a Model 1270 Pavement 
Friction Tester. A description and results of correlation 
of the tester were presented in an earlier report (16). 
Tests were made at 40 mph and at (18 m/s) every 1/4 
mile (.4 km) in the outer lanes. Inside lanes were also 
tested on sections where the average annual daily traffic 
was greater than 32,000 vehicles per day. Data are stored 
on magnetic tape and are accessible by route, county, 
and milepoints. The data may be averaged and reported 
by construction projects. Averaging of the data for other 
lengths of roadway, such as each mile, may be done 
as needed. 
Records for accidents prior to 1976 are not used. 
The number of wet-pavement accidents and the number 
of dry-pavement accidents are summed for each test 
section. Combining these two values gives the total 
number of accidents (excluding snow and ice related 
accidents). This total is then divided by the number of 
years of accident data searched and by the length in 
miles of the section to give the number of accidents 
per year per mile of road. This value, along with skid 
number and ratios of wet- to dry-pavement accidents, 
may be used to estimate reductions of wet-pavement 
accidents after deslicking (APPENDIX I). 
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IDENTIFICATION OF HAZARDOUS CONDITIONS 
ASSOCIATED WITH NARROW BRIDGES 
The bridge inventory file in the Division of 
Maintenance is the most comprehensive source of data 
about bridges on all highway systems. This file may be 
used to identify those bridges on the Interstate System 
which have less than full-width shoulders. Accident rates 
may be compiled for those bridges and a ranking 
derived. Table 10 is a ranking of bridges with the lowest 
adequacy rating for the category of "clear roadway 
width" (inside curb to outside curb). There are several 
bridges on the Interstate System which need 
improvements because they have insufficient clearance 
outside the roadway. 
A survey similar to that in Table 10 can be 
prepared for other highway systems for use in 
identifying narrow bridges. An inventory was completed 
by the Division of Facilities Planning in 1977 ( 17), and 
it was found that 8,029 bridges are on the 
state-maintained system. 
A research report ( 10) revealed that bridge-related 
accidents were a significant percentage of the total 
accidents on interstate routes, and the severity of 
bridge-related accidents was generally higher than the 
severity of all accidents. A summary of those results 
are presented in APPENDIX J. 
DEVELOPMENT OF PROCEDURES 
FOR PRIORITIZING SAFETY NEEDS 
Dynamic programming may be used for prioritizing 
needs. Dynamic programming is a method of ranking 
projects to derive maximum benefits from limited funds. 
There are several approaches to priority programming 
as it is related to capital allocations. Benefit-cost, present 
worth, and rate-of-return calculations have traditionally 
been used as an integral part of the transportation 
planning process. Construction and maintenance 
executives continually face the task of assigning 
priorities when insufficient funds are available to 
complete all projects. Safety improvement programs, 
which were initially funded through the Highway Safety 
Act of 1966 and then expanded through the Federal-Aid 
Highway Act of 1973, have become so large that they 
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are unmanageable without a clear and concise means of 
priority allocation. 
COSTS AND BENEFITS 
Costs can be based on costs of past improvements, 
including an inflation factor, or on current cost 
estimates. Costs of various types of minor safety 
improvements have already been determined from a 
previous application of dynamic programming (18). In 
addition, some very general cost figures associated with 
safety measures were reported in a publication by the 
U. S. Department of Transportation ( 1 ). These costs, 
in conjunction with annual cost estimates, prepared as 
a requirement for the interstate cost estimates, comprise 
the primary source of cost data to be used as input 
for the dynamic programming model. 
Benefits derived from the Interstate Safety 
Improvement Program must be based on accident 
reductions according to criteria set forth in FHW A 
Program Manual, 6-8-2-1. Monetary benefits from 
expected reductions of accidents should be based on the 
following National Safety Council costs for various 
degrees of accident severity (19): 
Fatality 
Injury 
Property Damage Only (PDO) 
$125,000 
$4,700 
$670 
From the research report on the application of 
dynamic programming, a list of safety improvements and 
the expected accident reductions is available ( 18). 
Various improvements at curves, intersections, and other 
general locations from this report are given in Table 11. 
Also presented are the corresponding number of 
projects, accident reduction, service life of the 
improvement, and annual maintenance cost. An 
approximate benefit can be calculated. Many projects 
include a combination of improvements and thereby 
confound the respective efforts. Respective weighting or 
adjustments in the percentage of accident reduction may 
be necessary. Upgrading specific elements throughout 
the Interstate System may require cost and benefit 
estimates on a system-wide basis. Accident records 
previously referred to would, likewise, be the resource 
file for assessing benefits resulting from accident 
reductions. 
TABLE 10. PRIORITY RANKING OF BRIDGES ACCORDING TO INVENTORY FEATURE 
"CLEAR ROADWAY WIDTH" 
BRI OGE RATINGS 
DIREC- LENGTH 
ROUTE COUNTY "· IUPDS T TI ON AADT I FEET I A B c D E F G H I J K L 
9064 JEFFERSON 7o8 l 39' 763 89 12 12 8 5 4 3 12 10 5 9 60 24 
90&5 JEFFERSON 127.8 2 41,329 380 B 10 1 5 4 3 3 10 5 5 60 16 
9065 JEFFERSON 129 .. 8 1 46t623 144 10 11 b 5 4 3 3 10 5 5 62 21 
92&4 JEFFERSON '~·2 1 58,648 65 10 11 6 5 4 3 6 10 5 7 67 21 
9264 JEFFERSON IDol 1 58,648 199 8 10 4 5 4 3 0 10 5 7 56 18 
9264 JEFFERSON Lo.z 2 58,648 145 11 10 4 5 4 3 0 10 5 7 59 21 
9264 JEFFERSON lloO 1 76,220 165 11 10 4 5 4 3 0 10 5 7 59 21 
9264 JEFFERSON 1 3 .. 0 l 80,000 <00 10 1u 5 7 4 3 3 10 5 1 64 20 
9264 JEFFERSON 15. 1 2 85,088 107 ll 11 6 5 4 3 6 10 4 7 67 22 
9065 JEFFERSON 130. 1 0 46,623 137 11 10 6 5 4 3 3 10 5 5 62 21 
9065 JEFFERSON l3Jo7 l 72,415 221 10 10 6 5 4 3 6 10 5 5 64 20 
9065 JEFFERSON 13leZ 1 79,768 138 11 10 6 5 4 3 12 10 5 9 75 21 
9065 JEFFERSON 13lo3 2 79,768 144 11 11 6 5 4 3 12 10 5 9 76 22 
9065 JEFFERSON 13lo4 1 79,768 153 10 11 6 5 4 3 12 10 5 9 75 21 
9065 JEFFERSON 132 .. 2 1 19,768 129 10 10 6 5 4 3 12 10 5 9 74 20 
9065 JEFFERSON l32e6 1 93,956 358 10 10 5 5 4 3 6 10 5 9 72 20 
9065 JEFFERSON 13.2.6 l 79,768 229 11 10 5 5 4 3 12 10 5 9 74 21 
9065 JEFFERSON 133. 1 1 93,956 126 ll 10 4 5 4 3 12 10 5 9 73 21 
9065 JEFFERSON 133.} 1 93,956 138 10 10 4 5 4 3 12 10 5 9 72 20 
9065 JEFFERSON 134.0 I 93,956 139 10 8 4 5 4 3 6 10 5 9 64 1~ 
9065 JEFFERSON 134. 1 1 93 t 9 56 128 10 8 4 5 4 3 6 10 5 9 64 16 
9065 JEFFERSON 134e3 I 93,956 158 10 10 4 5 4 3 9 10 5 9 69 20 
9065 JEFFERSON l34o5 1 93,956 287 8 10 4 5 4 3 12 10 5 9 70 18 
9065 JEFFERSON l34eb 1 93,956 168 10 6 4 5 4 3 12 10 5 9 70 18 
9065 JEFFERSON 134 .. 8 2 93 '9 56 159 10 8 4 5 4 3 6 10 5 7 62 18 
9065 JEFFERSON L35el 1 93 '9 56 158 10 10 4 5 4 3 6 10 5 7 64 20 
9065 JEFFERSON 135.2 I 93,956 123 8 10 4 5 4 5 6 10 5 7 64 18 
9065 JEFFERSON 135.3 2 93,956 387 8 10 4 5 4 3 6 10 5 7 62 16 
9065 JEFFERSON 135.t) 3 ~2,642 130 10 11 7 5 4 3 6 10 5 7 66 21 
9065 JEFFERSON 135.8 1 93' 9 56 159 11 10 6 5 4 3 6 10 5 7 67 21 
9065 JEFFERSON 135.9 1 93,956 405 8 10 6 5 4 3 6 10 5 7 64 18 
9065 JEFFERSON l36o0 1 93,956 n 11 11 6 5 4 3 6 10 5 7 68 22 
9065 JEFFERSON l36o l 2 93,956 113 10 6 5 5 4 3 6 10 5 7 61 16 
9065 JEFFERSON 136o2 1 93,956 514 11 6 4 5 4 3 6 10 5 7 61 17 
9065 JEFFERSON l3o .. 4 3 85,255 585 10 11 7 5 4 3 6 10 5 7 68 21 
9065 JEFFERSON 136.4 3 85,255 733 10 1 1 7 5 4 3 6 10 5 7 68 21 
9075 KENTON .1.91.2 3 3 t 000 33 1 1 11 7 5 4 3 3 10 5 7 66 22 
9071 BOONE 76e6 1 14,241 307 . 11 10 6 5 4 6 9 10 5 9 75 21 
9065 HARDIN 9le4 I 24,134 136 10 11 7 5 4 5 6 10 5 7 70 21 
9065 HARDIN 92.[ 2 24,134 1J4 10 8 6 5 4 3 6 10 4 5 61 18 
9065 HARDIN 91. 5 2 24,134 187 8 11 6 5 4 3 6 10 5 7 65 19 
9065 HARDIN 100e4 1 26,137 106 10 8 4 5 4 3 6 10 4 5 59 18 
9065 HARDIN 103.2 1 26 tl3 7 570 11 8 7 5 4 3 12 10 5 5 70 19 
9005 BOLLI TT 104.7 1 26,421 201 8 10 7 5 4 3 3 10 5 5 60 18 
9065 BULL! TT 112.3 2 26t421 176 10 10 5 5 4 3 6 10 5 5 63 20 
9065 BULL! TT ll2o4 2 .26,421 176 10 10 6 5 4 3 9 10 5 5 67 20 
9065 BULL! TT 115.5 1 26,394 111 10 10 6 5 4 3 0 1 0 5 5 58 20 
9065 BULL ITT ll6eiJ 2 26,421 586 6 10 4 5 4 3 0 1 0 5 5 52 16 
Column E rating of 4 means ''Basically Intolerable and Iiiigh Priority Need of Repair'' 
' 
A = Substructure Condition E = Clear Roadway. Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remainjng Life 
C = Floor Condition G Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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TABLE II. SUMMARY OF IMPROVEMENT COSTS AND BENEFITS 
NUMBER TOTAL ANNUAL 
TYPE OF OF ACCIDENT SERVICE MAINTENANCE 
IMPROVEMENT PROJECTS REDUCTION LIFE COST 
(PERCENT) (YEARS) ($) 
Signs and Markings 9 36 3 25 
Warning Signs 23 35 5 25 
Regulatory Signs 16 22 5 25 
Guidance Signs_ 10 14 5 25 
Sign Combi11ations 16 20 5 25 
Markings 8 16 2 0 
Sight Distance Imp. 9 28 2 so 
Post Delineators 3 25 5 20 
Comb. Delineators, Markings, II 22 5 25 1! Stgns, Maintenance 
" 0 Shoulder Improvements 7 23 10 100 ll Comb. Resurface, Patchi_ng, 22 16 10 100 
Drainage, Deslick, Culvert 
Rumble Strips 8 29 5 0 
Remove Median Crossovers 2 29 20 0 
Lighting I 
-58 10 500 
Lighting & Rumble Strips I 17 7 300 
Rumble Strips & Beacon 2 32 7 so 
Side Road Sign Only 31 19 5 25 
Prepare for Sudden Stop Sign Only 19 25 5 25 
Side Road Sign & Warning Sign I 5 27 5 25 
Signing 34 30 5 25 
Post Delineators 4 32 5 25 
Signs & Delineators 16 28 5 25 
. Signs & Maintenance 6 47 3 25 
" ~ Comb. Delineators, Markings, 16 24 5 25 
" Signs, Maintenance u 
Resurfacing, Patch, Dr~inage, 22 33 10 100 
De slick, Super, Culvert, Guardrail 
Re-alignment (Relocate) 3 32 20 100 
Signs & Markings 21 24 3 25 
Warning Signs II 27 5 25 
Regulatory Signs 5 48 5 25 
~egulatory & Warning Signs 20 16 5 25 
~ Markings 17 16 2 0 
.g Marking, Maintenance, & Signing 9 35 5 25 u 
~ Channel!?ation - Storage Lane 13 IS 10 100 
" Channelization & Signs 2 37 7 75 
.§ 
Install Beacons 13 2 10 100 
Upgrade .. Beacons 10 5 10 100 
Install Signals 10 23 10 300 
Upgrade Signals 2 18 10 250 
Total Improvements 447 24 
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DYNAMIC-PROGRAMMING MODEL 
Multistage dynamic programming is recommended 
as the means of ranking and allocating expet).ditures for 
the Interstate Safety Improvement Program. Multistage 
is defined as a process involving several projects, each 
with one or more alternatives. All safety improvement 
costs are dealt with in terms of present worth, but 
consideration given to construction costs, maintenance 
costs, and the expected life of the improvement. All 
possible combinations of alternatives should be 
considered for each of the projects. 
The problem of optimum utilization of funds can 
be divided into two distinct steps. First, the benefits 
associated with each improvement must be determined. 
Second, given the costs and benefits for a set of 
improvements and given a specific budget, the optimum 
combination of improvements to be implemented must 
be chosen. The computer program presented in 
APPENDIX K may be used to calculate costs and 
benefits according to a subroutine identified as 
COSBEN. These results are printed out and passed into 
another subroutine, DYNAM, along with the budget and 
output information. DYNAM then determines and prints 
out the optimum combination of improvements. If no 
alternative emerges at a particular location, alternative 
11 0 11 is printed. A range of budgets may be tried as inputs 
to determine an optimum expenditure level. Also 
included in APPENDIX K is a list of variables and coding 
instructions. 
SUMMARY 
This report is intended to be a summary of 
background information and a development of 
procedures for preparing and updating an interstate 
safety improvement program and safety programs for 
other highway systems. There are two major sections 
of the report: (l) development of procedures for 
identifying safety needs and (2) development of 
procedures for prioritizing safety needs. The eleven 
major headings under the identification of safety needs 
constitute a comprehensive procedure which is based on 
historical data and current information available within 
the Department. The headings under the section on 
prioritizing safety needs are primarily summaries of data 
from two reports prepared by the Division of Research. 
One deals with the application of dynamic programming 
to the spot-safety improvement program (18), and the 
other (20), which is pending, deals with the selection 
of resurfacing projects. General application of the 
procedures as outlined in this report should provide the 
guidance and overall support information necessary for 
development of a safety improvement program as 
specified in Federal Highway Administration Program 
Manual, 6-8-2-l. 
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APPENDIX A 
LETTER SENT TO OFFICIALS 
IN OTHER STATES 
21 
22 
COMMONWEALTH OF KENTUCKY 
DEPARTMENT OF TRANSPORTATION 
CALVIN G. GRAYSON 
SECRETARY 
Division of Research 
533 South Limestone 
Lexington, KY 40508 
JULIAN M. CARROLL 
GOVERNOR 
April 15, 1978 
H.3.84 
The Kentucky Department of Transportation's Division of Research is in the process 
of developing an Interstate Safety Improvement Program which will conform with 
guidelines set forth in Federal Highway Administration Program Manual 6-8-2-1. This 
Manual outlines policies, procedures, and guidelines for development of a program for 
the detection, through accident analysis, of specific locations, elements or sections of all 
highways that are hazardous or potentially hazardous and for implementing corrective 
measures for the identified hazards. 
If your state has developed a similar program for Interstates or other highways, it 
would be of significant benefit to us if your results were made available. 
Thank you for your cooperation. 
sh 
Sincerely, 
Jerry G. Pigman 
Research Engineer Chief 
23 
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APPENDIX B 
MEMO SENT TO DISTRICT ENGINEERS 
AND DIVISION DIRECTORS 
25 
26 
MEMO TO: 
FROM: 
SUBJECT: 
April 15, 1978 
J as. H. Havens 
Director of Research 
H.3.84 
Request for Recommendations of Safety Improvements to be 
Included in the Interstate Safety Improvement Program 
The Division of Research is conducting a study to develop an Interstate Safety 
Improvement Program. The program will include the selection, scheduling, construction 
and evaluation of highway safety improvement projects having the specific objective 
of reducing the number and severity of accidents. One of the primary tasks is determining 
which types of safety improvements should be considered as part of the program. FHW A 
guidelines permit inclusion of practically any type of improvement, presuming some 
justification exists. A committee representing the Divisions of Traffic, Maintenance, 
Facilities Planning, and Systems Planning has been activated, and it was felt that useful 
information could be obtained from other Divisions or Districts. Saf~ty problems on 
Interstates require attention, and those in direct contact with the specific areas may 
be able to suggest safety improvements which might otherwise not be considered. This 
is your opportunity to document the locations, elements, or sections of interstate which 
are hazardous or potentially hazardous. 
Please respond by May 15, 1978. 
JGP/sh 
cc: W. B. Drake 
27 
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APPENDIX C 
EXAMPLE OF SUMMARIES AND COMPUTER 
PROGRAMS USED TO SUMMARIZE THE 
UNIFORM POLICE TRAFFIC ACCIDENT MASTER FILE 
29 
30 
PROGRAM OUTPUT FOR SEVERITY OF 
INJURIES FOR ACCIDENTS 
OCCURRING AT BRIDGES 
Nov 01, 1977 
CLASSINJ COUNT 
CLASSINJ COUNT 
CLASSINJ COUNT 
CLASSINJ COUNT 
CLASSINJ COUNT 
CLASSINJ COUNT 
CLASS 
OF INJURY 
1 
2 
3 
4 
5 
6 
NUMBER 
OF 
INJURIES 
4 
49 
74 
63 
622 
44 
* MARK IV I 210 lOS/VSZ - 6.01 * 
***~'***''********~'***~'*~'************ 
TYPE 
OF 
INJURY 
FATAL 
A 
B 
c 
NO INJURY 
NOT STATED 
HISTALLATION NUMBER 01171 iT ME 15.56ol8 NOV 01, 1977 
SPECIAL FEATURES 
TLU ICF* TMP f\Fl XRP* ESP(• DRI ORT OLX'e nFT* O:JL* ~QL>> GSI 
DBV DRV ATL<' 
\SPECIAL FEATURES INSTALLEO FLAGGED BY •n 
SYSTEM MODIFICATIONS INSTALLED 
57 t 19ol01, 102 0 103, 104ol05 rl06o 107 0 1081 109 t 11 Do ill' 112o 114 1 118 0 120o 122o 12 3ol2 5o 126, l)Q, 133o l34t 131ol39o 14 if 143o 147ol48 
RUN CARD FILE 
NAKE TYPE NAME 
I RUN tRC,ACClO 
0 N S 0 U T R A B S D S L RB R S M R 
L E E I P R E U U R L C S PL J 0 0 F 
0 ~ Q R D N P 0 F T M N T TK T P P 0 
)( s) IS> (,'.') 
**';'' ~'*********'~***''**'''' *"'*** * 
START 
SEARCH 
NOV 01, 1977 15.56.13 * REQUEST NAME - GENR~Q 
INPUT STREAM REQUEST 
CARll REPORT 
TYPE DATE 
IERJ!TODAY I 
REQUESTOR ID 
~'******* *****~·*~'*****~'* ·~**** * 
MAX SEL SUM VERT FORMS PAGE PAGE LINE REQ SET 
ITEKS CTL RPT SP CNTRL WDTH HGHT NOS TYP NAME 
END 
SEARCH 
SEQUENCE 
73 TO 80 
BACK BR REINIT SEQUENCE 
CONTROL TEMPS 73 TO BU 
CARD SEQ LOG CO"J •• OPERAND A ••• OPER ••••••••••••OPERAND Boo••••••••••• •••• RESULT •••• PARTIAL FIELD SEQUENCE 
13 TO BO TYPE NO. LEV CTR QLF FlfLD NAME ATN QLF FIELD NAME QQ. CONSTANT QLF FIELD NAME STRT NUMB OPR 
I PR I 
( PR l 
I PR I '" 
IEVE'Hl 
I EVENTl 
IGE I 
f LEI 
f NS I 
IO,t 
1 o,J a 
!"EXT t'1ASTER 
31 
~ov 01, 1~11 rs.s6.18 0 KE.-UEST I~AME - CLASSHIJ * 
INPUT STK!'A'-' ~-E'.lU!=ST ~' 
oooo~oooooooooooooooooooooooo 
CARD rU:PORT 
TYPE DATi: ri.EQUCSTOK 10 
"AX SFL SUM VERT FllRI-15 PAGE PAG!': LIN!:: RE~ 
JT!::'~S (TL KPT SP CNTRL WJTH HGHT NOS TYP 
SET 
NAM~" 
~ACK BR REINIT SEJUENCE 
CONTROL TEMPS 73 TO 80 
IE~JIDATE JIAGENT 
CARD 5EW LOG Cll~l ,,(JPERA!W n,,, OP'OR ,,,,,,,,,,,,QPE~A~!(i boo••••••••••• ooooRfSULT,,,, PARTIAL FIELD 
TYPE NDo LEV (TQ QL~ FIELD NA~E ATN QLF FIELD NA'1E (;Q_ CU"lSTANT WlF FIE:LD NAME STRT NUMB Qpll; 
(PRJ 
I PRJ "I 
CT SUM V 8 PG ~G 
RY RPT 5 LPl -.ID HGT 
OP P 
CUJ!YJ 
CARD SEQ 
TYPE NOo 
ICLASSINJ I 
(CLASSINJl 
( G T J 
ILT J 
{f),Q 
If\, 7 
SP ,'1AXP'\UI~ HI COLU~'"' flT PG STf!T Ll~ ~l RH ,,..,,.5UBFILE ... .,,,, FMP 
M FR'~ LPP PGS TO H~AJii<C P:JS OQS PACE: NliM U~ PN ENT NhME Blr</ FMT H FLO 
G L T TYD POS NU~~ ·'1L TO REL 3UF 8 C TL 
RFPORT 
'JAT A 
NA"'E 
SEQUENCE 
73 TO SO 
SEQUENCE 
73 TO SO 
SEQUENCE 
73 TO 80 
------------------~----------------------------------------------------------------------------------------------------( PlJ I INH:RSTATt: ACC!Ofi'.TS t;Y CLASSIFICATION OF INJURY I 
CARD SEQ 
TYPE NO• 
I Kll 
lf(lJ 
32 
se ' BF L 
Cell F 
Flt:LD 
NAME 
((lfiSSlNJJ 
I LANDUSE J 
" 0 
' p 
' 
s 
' Q 
lll 
D ( 
T 
L 
Ill 
s 
0 
T 
0 
r 
( 
u 
" 
( 
N 
T 
Ill 
M 
I 
., 
' D Q 
V E L 
G C F 
PCT ;q,A T 
ne 
Al lAS 
p 
R~- C 
nu r 
PICTURE 
EDIT 
PARTIAL 
STR T NO 
CHR CHR 
SEQUENCE 
73 TO 80 
APPENDIX D 
EXAMPLE OF DATA AVAILABLE FROM THE 
BRIDGE INVENTORY FILE, DIVISION OF MAINTENANCE 
33 
34 
"" 
"" 
REPORT R0889 5TRLCTLRE I~VE~TDRY A~U ~PPR~ISAL ~~tET 
CAll C~/lt/7 1 PAG[ ~C.l 
ill STATE KEI\TUCt<Y PFUJECT NUI-'E'EK 0'HMP>:<lU3~00t<t>:BllOll:>t-P (
i;<;lP~Il-1-illY ltl hlSTUlU-l FRCJF-lT JS~'f.f->nO:,~'J502>1oOOt-G3 
-~*!7,:~·~;~~~~~r~Lill~t;~*:~: ~ * * ~ ~~* ******* *.****** ~'** ''*** ''""'** ** _1_~' * * ~~-'~'~'* *~'*C, LA Sll.ti Cll T I LN~,*~' **''****
''****** *** ** ***** 
15) INV.RT.# 1.1-l-l-00064-C 2-2-3-l-UOG32-0 3. 4. t2~l~D~lNI
~TRATl~E 4. 3. z. l 1. 1 
f-----lb...L..LllCA_LlDN_2..._..L..b.!t_ _____ ---· 1. ~;> 
171 IF!!t.Cpp !1 (j CSS 
t7l F.A. ~UMBER 4 * * ************'*****************STPLCTL~l O
ATA**~c********************************** 
'" '"" '" '"' 
'" 
HOt IIW .. RDUTE: V.CLfl.. 1. 9S FT SS H. IZCILAl\fS [N Sli-< 02 L.~ILI::K 
U I4.;JSHLCTL~~ TYFi:: "Air. FRI;S CC!\C TEE BEA/'ol, 
2. l6FTlll!\ 
c---------------------------------------;:- FT IN z. 0~~166 
(lUMILEPOlNT 1. 137.2CI folLt:S 3
. !4Slf\!0 01- ::PANS ~Air\ 003 
_____
_____
_____
____ -'i_,'~·~ll~-=----nr~~ I 3cJ'd;flP o;,-. 0' I 4 " ___l_S.L" ,,_U-...L ..... L. .. L t..f..£.RL~ .......s...£.4. .......0.l.1l.D.... 
4. ~lLES 2. lSll 
HZH<OilC SECTION NUMf!ER I. Cl5C 
3. !47JTCTAL 1-Cl<IZ CLEM-:1'>1\CE: z. FT 1. 38.E FT 
-----------~------------·------~----------i:.... !3l'CfS '0 I C([' 4. _fj I-. 4. FT 3.. f
T 
4. 
ll3lDEFENSE BRIDGE OESC P 132lAPP RD~Y WIDT~ W/~~LC
 C77 FT {4~)STkLC1LR~ l~!\GTH 156 FT 
fl lfii"!"I-JS.t;: Mll~DnnJI l tl 4 ?? OJlPR!DCf 
Mtf'!A/\1 fl).!)-llj !5ilj<,JD,f.'Nl>J!f iff! CCC t:I pl['H
I CO C fi 
2~ Cl4.27 
~ 3. 1341Si<EI-
G2 th> l':>llbRLOGb f<I-.A'l' 1-.lCll-. CLflf: TC CU-:E 38.5 FT 
'I II 5WfEfNSf SECT I [II I EbGib 4 " "'I z. 
, 
3. 136)TkA\If'L DR l (53lVEFT CUtP.tt\CE L'dl< CECK SS f-T 
c;c; IN 
~~ j i; [~;~~i~~~:~~:: ·~-:-~-~-:_:_y _____ ----cc, (~ :~n::~~ i ~; i~~r;~~ ::~~;~~: :~~, J::~ · ~~ l ~~ ~ ~;~, ~~~ 7 ~~~;~fl::: :~;:·: :~:, If :~:~;); 
:; 2. M I 
~ Ill (4!lpR!' 
usc N!lM)- I~>U HE ,- iC f-I C[!Yiilf- PRf-<..TfU<:Cff q_,,ll!, L 35 F
I Sl/i!F 
~ 4. M l 
~ 120Jl[Ll C~ FPEE ROAC 
***********~ISC. I~F(~~t1Il~•***~~~•4•~•~**~*~****** 
f~_____L2_ilCU$Tf!Dli!N $I4Tf h!GH!J4Y DtP41<l,VfNI k()!ID 1'•41-:f- IG!itS\If!!f !f~INGTf'l\ Cdi/fTISBIIRC 
{22JCWN~R STATE ~IGHhA' GEPARl~Ehl 
STtTil~ 1\U~EER 2531+4f.5E 
*****************CCN!J(If06************R4T£NG*******************•'*******R4T!NG Q04'' SY
~1)-~ ~4iff f~IfQSI4If 
{58iDECK 1 CECK TYPE ([~(R[Tt 
' I59)5UPERSTRUCTURE e 
A~AlYSES LCCAT!Cr\ CC RARS 
~ I~?ISlJBSTRUCTURE rr 1 8 SUP. TYD[ CIJNcP.
fTE rvr.< r ____.CL_C_C_C_C 
'f---~~~6~2hi~C~U~l~Vf#IE{R{T + ~~ n ~ ~ i r.. S U ~. T'r P E C G r>:C f< t H , 
' 163!ESTIMAHD RE:MAINI~G LIFE YRS TYPE LCI'>L l! 
OCOOJO 
}~~l~~~~~u~GR~~t~~~ .Ill fGfd-tf\I HS-~~ TRK H~'l OAt. __lY.E£__ LllL rrr 
CCJHlCC 
(66IINVENTORY RATING HS 23 MEM.~RC. ~C TYPC LltC IV CCCCCC 
':'"*!*'!************tlPPRI'>lSAL************Rn!NC CF..!T.f-Af".. 
NC __ . . , .. -.-~l.JU. '" 
f6JIS.lB....ULT!JRf CONIJ4lic.b______ f 
C.Cli...t..TY.~LL!J.ll:_ J\L ....-L. ~
LEJ\GTH # 1 JOG 
168JDECK GECMETRY 1 
URAhiNG NO. 1. 16803 
SPf~D # 1 JJ 
2. 
fi'>'11..UND..fR£LEARAN(_!;;_VE...B.llJ:.!..l_Ll,ATERAI _L 
___i 
-
LENGTt-< " C. DOC 
4. 
llOJSAFt lOAD CAPAClTY t 
caTE INSPECTlC lC/75 
SPEED # 2 00 
«71 RATERL-.AY A~CY ~ 
lt>SPFCTLCI\ t,rJlE YES 
-
SIR. CP[I\/CL[S~ OPEl\ 
172lAPPROACH RCACWtv HICNI"Et.;T 3 
----
--·----
··---- . 
--
-- ···-
-- ··--
···-- ·
-- ·-·--
-
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APPENDIX E 
REVISED ADEQUACY RATINGS 
FOR BRIDGES 
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EXCERPTS FROM 
MODIFICATION OF KENTUCKY'S ADEQUACY-RATING TECHNIQUES 
by 
C. V. Zegeer and R. L. Rizenbergs 
Research Report 459 
Division of Research 
Kentucky Department of Transportation 
November 1976 
RECOMMENDED REVISIONS: BRIDGES 
A study of each element used in the bridge rating 
resulted in the recommendation of an additional element 
on traffic safety features. Suggested points for each 
element were somewhat modified. 
Investigation of the graphs and charts used 
presently revealed that some needed to be updated to 
1976 design standards. Also, some were overly complex 
and an effort was made to simplify them. Multiplying 
factors were being used for floor condition, median 
width, bridge width, and in final adjustment. This adds 
to the complexity of the rating process. 
Recent federal legislation called for a mandatory 
bridge inspection inventory to be maintained by all 
states. Guidelines for inspection programs were given in 
a July 1972 publication by FHW A. The Division of 
Maintenance uses these guidelines and has computerized 
the inventory information on approximately 7,500 
bridges on state·maintained roads. Each of the 12 
districts has at least one bridge engineer. Information 
on newly constructed bridges is immediately 
computerized. Routine bridge inspections are conducted 
approximately every 2 years. 
The inspection process involves the tabulation of 
84 items of information about each bridge. The rating 
process includes condition and appraisal rating of many 
of the bridge elements shown in Table El. The bridge 
elements suggested for incorporation into the 
Kentucky's adequacy rating are currently utilized in the 
bridge maintenance program except for the 
determination of remaining life. This element is 
currently )Jeing added to their program. The inspection 
inventory of bridges may be used by the Division of 
Systems Planning for determining adequacy ratings. 
Computer tapes containing the inventory can be utilized 
to extract all necessary information and convert it to 
an adequacy rating based on I 00 points. 
To implement the use of bridge inventory data for 
calculation of adequacy ratings, several aspects of the 
bridge inventory need be described here. The appraisal 
ratings (Table El) are based on current bridge design 
standards. Standards given in Table E2 are approach 
alignment, clear roadway height, safe load capacity, and 
roadway width and include desirable, mm1mum, and 
tolerable limits for each element. Condition ratings are 
needed for four of the bridge elements. Substructure, 
superstructure, floor condition, and waterway condition 
must be rated by subjective inspections (see Table E I). 
Remaining life of a bridge may be rated according to 
Table E3. This table was developed with the assistance 
of engineers in the Division of Bridges. Each of the four 
traffic safety features were assigned 3 points as shown 
in Table E4. A list of the ten bridge elements are 
presented in Table E5. 
Table E6 converts bridge maintenance rating codes 
to adequacy rating points. This table was developed by 
comparing verbal descriptions of ratings for both the 
bridge maintenance inventory and the adequacy rating 
method. To use the table, points for each element are 
selected according to the indicated code for bridge 
maintenance rating. For example, Code 6 from the 
maintenance rating is equivalent to 8 points for 
substructure, 11 points for roadway width, and 3 points 
for waterway condition. 
Evaluation of traffic safety features of bridges by 
the Division of Maintenance is based on guidelines as 
set forth in a FHWA notice dated July 31, 1974, citing 
criteria to be used for bridge inspections and evaluations. 
Inspections are to be made at 2-year intervals. Traffic 
safety items of concern are bridge railings, transitions, 
approach guardrail, and approach rail ends. 
Bridge railings are judged according to their height, 
strength, type of material, and geometric features. The 
capability of a railing to redirect an impacting vehicle 
is of primary concern. The standard for evaluating bridge 
railings is AASHTO's Standard Specifications for 
Highway Bridges. 
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The transition from the approach rail to the bridge 
railing is another item of concern. The approach rail 
should gradually stiffen as it approaches the bridge rail, 
and it should be firmly attached. Shielding or tapering 
out of curb ends and safety walks is also important. 
An approach guardrail should be capable of safely 
redirecting an impacting vehicle without snagging or 
pocketing. The structural adequacy, length, and 
placement of the approach guardrail should be carefully 
judged. Acceptable guidelines for evaluating approach 
guardrail are stated in NCHRP Report 118. 
To determine the similarities that exist between 
bridge ratings conducted by planning personnel and 
bridge maintenance inspectors, comparisons were made 
of several bridges in District 7. Bridges of both high 
and low adequacy ratings were used in the analysis. The 
results showed close agreement between virtually every 
element rated. Objective elements such as bridge width 
and clearance height were within a foot in all cases 
(maintenance inspectors measure such items to the 
nearest tenth of a foot, whereas planning inspectors 
round to the lowest whole foot). 
Ends of approach guardrails should be flared, 
buried, shielded, or be the breakaway type. Recent 
studies indicate that breakaway of flared ends may be 
more desirable than buried ends. Vehicle impacts with 
buried ends often result in ramping of a vehicle. 
Open-ended guardrails are the least desirable, since they 
may pierce a high-speed vehicle. 
. The o!Jjective elements such as floor condition and 
substructure condition received consistently close 
ratings. Maintenance ratings indicated need for bridge 
repair, whereas planning personnel obtain condition 
ratings (from high excellent to low poor). The adoption 
of the bridge maintenance ratings for use in adequacy 
ratings would eliminate needless duplication of bridge 
inspections. 
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TABLE El. CONDITION AND APPRAISAL RATINGS FOR BRIDGES (11) 
CODE 
N 
9 
8 
7 
6 
5 
4 
3 
2 
0 
CODE 
N 
9 
8 
7 
6 
5 
4 
3 
2 
I 
0 
CONDITION RATING 
Not applicable 
New condition 
Good condition -- no repair necessary 
Minor items in need of repair by maintenance forces 
Major items in need of repair by maintenance forces 
Major repair contract needs to be let 
Minimum adequacy to tolerate present traffic, immediate rehabilitation necessary to keep 
open 
Inadequacy to tolerate present heavy load ·- warrants closing bridge to trucks 
Inadequacy to tolerate any live load -· warrants closing bridge to all traffic 
Bridge repairable, if desirable to reopen to !raffle 
Bridge conditions beyond repair -· danger of immediate collapse 
APPRAISAL RATING 
Not Applicable 
Conditions superior to present desirable criteria 
Conditions equal to present desirable criteria 
Conditions better than present minimum criteria 
Conditions equal to present minimum criteria 
Conditions somewhat better than minimum adequacy to tolerate being left in place as 
is 
Conditions meeting minimum tolerable limits to be left in place as is 
Basically intolerable conditions requiring high priority of repair 
Basically intolerable conditions requiring high priority of replacement 
Immediate repair necessary to put back in service 
Immediate replayement necessary to put back in service 
.. 
..... 
TABLE E2. BRIDGE DESIGN SPECIFICATIONS (12) 
CLASS 1 3 4 
UMITlNG FACTOR 
Approach Alignment 
(hem 72) 
Clear Roadway Height 
(Item 68) 
Safe Load Capacity 
(hem 70) 
Roadway Width 
(Item 68) 
Des: 
Min: 
Tol: 
o .. 
Min: 
To1 
Do; 
Min: 
To1 
Do; 
Min: 
Tol: 
4-LANE FACILITY 
70 mph - 850 ft 
60 mph - 650 ft 
50 mph . 450 ft 
16 ft 6 in w FAP 
15 ft 6 in. below FAP 
16 ft 4 in to FAP 
IS ft 4 in. below FAP 
14 ft 
HS 20 + Modified 
HS 20 
H 20 
t\o_ Lanes (12 feet) + 
10 ft + 5.2 ft 
No. Lanes (12 ft) + 
10 ft + 2.7 fl 
No. Lanes (!2 fl) + 
3 ft + 3 ft 
LESS THAN 4-LANE FACILITY 
ADT ;;, 750 
Same as 1 
Same as I 
Minimum Number of Lanes " 2 
Same as I 
Do; 
Miw 
To1 
:-lo. Lanes (12 ft) 
+ 10 ft + 10 ft 
No. Lanes (12 ft) 
+ 3.75 ft + 3.75 ft 
~o. lanes (12ft) 
400 ;;;: ADT ;;;: 750 
Same as 1 
Same as 1 
Minimum Nu1nber of Lanes " 
Do; 
Min: 
To1 
HS 20 
H 20 
H 15 
Interchanges 
Des No Lanes (12 ft) 
+ 6 ft + 6 ft 
Min No. Lanes (11 ft) 
+6f!+6ft 
To1: No. Lanes (II ft) 
+ 3.75 ft + 3.75 ft 
Other 
[)e; :-.Jo. Lanes (I~ ft) 
+ 6 ft + 6 ft 
Min No. Lanes (II ft) 
+ 3.75 ft + 3.75 ft 
To! No. Lanes (II ft) 
ALL F.A. PROJECTS WITH ADT 400 
OTHER PROJECTS 250 < ADT < 400 
Des: 
Min: 
To!: 
Same as 
60 mph - 650 ft 
50 mph . 450 ft 
40 mph . 300 ft 
Minimum Number of Lanes "' 2 
Same as 3 
Do; 
Min: 
Tol: 
No. Lanes (11 ft) 
+ 4 ft + 4 ft 
No. Lanes (10 ft) 
+ 3.75 ft + 3.75 ft 
No. Lanes (10 ft) 
100 ,;;;; ADT .;;; 250 
[)e; 
Min: 
Tol· 
Same as 
Des: 
Min: 
To!: 
Des: 
Min: 
To!: 
50 mph . 450 ft 
40 mph . 300 ft 
30 ·mph · 200 ft 
H 20 
H 15 
10 Tons 
24 ft 
22 ft 
18 ft 
ADT < 100 
Same as 5 
Same as 1 
Same as 5 
Des: 20 ft 
Min: 18 ft 
To1 16 ft 
TABLE E3. 
YEARS 
Over 50 
40-49 
30-39 
20-29 
10-19 
5-9 
1-4 
Replace 
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RATING OF REMAINING TABLE E4. 
LIFE OF BRIDGES 
POINTS 
10 Approach Guardrail 9 End Treatment 7 Transition 5 Bridge Rail 4 
2 
I 
0 
TABLE ES. ELEMENTS USED IN RATING BRIDGES 
CONDITION ELEMENTS (40 POINTS) 
Substructure -· Condition Rating 
Superstructure -- Condition Rating 
Floor Condition -· Condition Rating 
Design Loading -- Appraisal Rating 
SAFETY ELEMENTS (35 POINTS) 
Clear Roadway Width -- Appraisal Rating 
Approach Alignment -- Appraisal Rating 
Traffic Safety Features -- Based on Table 20 
SERVICE ELEMENTS (25 POINTS) 
Clear Roadway Height -- Appraisal Rating 
Waterway -- Condition Rating 
Remaining Life -- Based on Table 19 
TRAFFIC SAFETY 
FEATURES 
POINTS 
12 
8 
8 
15 
8 
12 
lO 
5 
10 
POINTS 
3 
3 
3 
3 
... 
"' 
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APPENDIX F 
PRIORITY LISTINGS OF FEATURES FROM THE 
BRIDGE INVENTORY FILE 
45 
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TABLE Fl. PRIORITY RANKING OF BRIDGES BY SUM OF ALL INVENTORY FEATURES, 
"TOTAL ADEQUACY RATING" 
8R!OGE RATINGS 
DIREC- LENGTH 
ROUTE COUNTY ~ILEPOST T!ON AAOT tFEETI A B c 0 E F G H J K L 
9065 BULL ITT uo .. o 2 26,421 586 6 10 4 5 4 3 0 10 5 5 52 16 
9264 JEFFERSON 1 Oel 1 58,648 199 8 10 4 5 4 3 0 10 5 7 56 18 
9065 BULLI TT 115.5 1 26r394 Ill 10 10 6 5 4 3 0 10 5 5 58 20 
9264 JEFFERSON 10.2 2 58,648 145 11 10 4 5 4 3 0 10 5 7 59 21 
9264 JEFFERSON llol) 1 76,220 165 11 10 4 5 4 3 0 1 0 5 1 59 21 
9065 11ARDIN i0Je4 1 26rl37 106 10 8 4 5 4 3 6 10 4 5 59 18 
9065 JEFFERSON 12 7 .. (j 2 4lt329 38J 8 10 7 5 4 3 3 10 5 5 60 18 
9065 BULL! TT 104 .. 7 1 26,421 201 8 10 7 5 4 3 3 10 5 5 60 18 
9264 JEFFERSON l0e5 I 70,885 1247 6 6 5 5 11 3 1 10 5 1 61 12 
9065 JEFFERSON 136. I 2 93,9~6 113 10 6 5 5 4 3 6 10 5 7 61 16 
9065 JEFFERSON l30e2: 1 93,956 514 1 I 6 4 5 4 3 6 10 5 7 61 17 
9065 HARDIN 92el 2 24,134 104 10 8 6 5 4 3 6 10 4 5 61 18 
90tt5 JEFFERSON i29o8 1 46t623 144 10 11 6 5 4 3 3 10 5 5 62 21 
9065 JEFfERSON 130. l 0 46r623 137 11 10 6 5 4 3 3 10 5 5 62 21 
9065 JEFFERSON l34e8 2 93,956 159 10 8 4 5 4 3 6 10 5 1 62 18 
9065 JEFFERSON 135 .. 3 2 93,956 387 8 10 4 5 4 3 6 10 5 1 62 18 
9264 JEFFERSON 21.0 1 36,040 145 8 8 4 5 1 3 6 10 5 1 63 16 
9064 FRANKLIN 51.5 2 l0-,653 159 6 11 6 5 1 3 3 10 5 1 63 17 
9065 ~ULLI TT ll2o3 2 26,421 176 10 10 5 5 4 3 6 10 5 5 63 20 
9071 HeNRY z a. 1 2 12,379 23J 8 10 6 5 7 3 0 10 5 9 63 18 
9264 JEFFERSON 13.0 I ao,ooo 200 10 10 5 7 4 3 3 10 5 1 64 20 
9264 JEFFERSON zo. 7 1 58,712 199 10 8 6 5 7 3 3 10 5 1 64 18 
9065 JEFFERSON 130o7 1 72,415 221 10 10 6 5 4 3 6 10 5 5 64 20 
9065 JEFFERSON 134o0 I 93 '9 56 139 10 8 4 5 4 3 6 10 5 9 64 18 
9065 JEFFERSON 134ol 1 93,956 128 10 8 4 5 4 3 6 10 5 9 64 18 
9065 JEFFERSON 135 .. 1 1 93,956 158 10 10 4 5 4 3 6 10 5 1 64 20 
90b5 JEFFERSON 135o2 1 93,956 123 8 10 4 5 4 5 6 10 5 1 64 18 
9065 JEFFERSON 135.9 I 93,956 4J5 8 10 6 5 4 3 6 10 5 7 64 18 
9064 BOYD 185o4 1 6,708 159 11 8 5 5 7 3 3 10 5 1 64 19 
9064 JEFFERSON 20e7 2 14,806 285 ll 11 6 5 7 3 0 10 5 1 65 22 
9065 JEFFERSuN 136·4 1 93' 9 56 1566 10 6 4 5 9 3 6 10 5 1 65 16 
9065 HARDIN 9lo5 2 24tl34 187 8 11 6 5 4 3 6 10 5 7 65 19 
9075 WHITLEY l4o5 2 13,67-8 670 11 8 7 5 9 3 0 10 5 1 65 19 
9065 JEFFERSON 135o8 3 't2.,642 130 10 ll 1 5 4 3 6 10 5 1 66 21 
9065 JEFFERSON 136e4 3 a•5,zss 371 11 6 6 5 1 3 6 10 5 1 66 I 1 
9075 KENTON 19lol 3 3,000 33 11 ll 1 5 4 3 3 10 5 1 66 22 
9264 JEFFERSON 9.2 1 ~8,648 85 10 ll 6 5 4 3 6 10 5 1 67 21 
9264 JEFFERSON l5el 2 85t0d8 IJ7 11 11 6 5 4 3 6 10 4 1 67 22 
9065 JEFFERSON 135 .. 6 I 93 '9 56 159 11 10 6 5 4 3 6 10 5 1 67 21 
9065 JEFFERSON l36o4 3 85,255 112 10 b 6 5 9 3 6 10 5 1 67 16 
9065 BULLITT ll2o4 2 26t421 176 10 10 6 5 4 3 q 10 5 5 67 20 
9264 JEFFERSON l5od 1 84 '8 98 94 8 10 6 5 ll 3 1 10 5 1 68 18 
9065 JEFFERSON 136.0 1 93,956 13 11 11 6 5 4 3 6 10 5 1 68 22 
9065 JEFFERSON 136e4 3 d'5,255 585 10 11 7 5 4 3 6 10 5 1 68 21 
9065 JEFFERSON 136o4 3 B5t255 733 10 11 1 5 4 3 6 10 5 7 68 21 
9065 JEFFERSON 136 .. 7 1 !14,044 3168 11 10 6 5 ll 3 0 10 5 1 68 21 
9064 FRANKLIN 49el 1 10,653 2 12 II 1u 1 5 7 3 1 10 5 1 68 21 
90o5 BULL ITT 10.Se9 1 26t421 128 11 10 7 5 q 3 3 10 5 5 68 21 
9264 JEFFERSON l7el 1 42,400 358 10 10 6 5 7 3 6 10 5 1 69 20 
9264 JEFFERSON l9e5 1 58,710 76 8 10 5 5 15 3 3 10 3 1 69 18 
9065 JEFFERSON 134e3 1 93 '9 56 158 10 10 4 5 4 3 9 10 5 9 69 20 
9071 JEFFERSON u.s 2 37tl67 138 11 ·1o 6 5 12 3 0 10 5 1 69 21 
9075 KENTON 185e8 1 73 '5 77 256 10 10 6 5 7 3 9 10 5 4 69 20 
9075 Kt:NTON 18Be3 2 90,524 159 10 I 1 4 5 1 3 12 10 5 2 o9 21 
Column K rating below 70 means unacceptable condition 
A ~ Substructure Condition E ~ Clear Roadway Width I ~ Waterway Conditition 
B ~ Superstructure Condition F ~ Approach Alignment J ~ Remaining Life 
C ~ Floor Condition G = Traffic Safety Features K ~ Total of A through J 
D ~ Design Loading H = Clear Roadway Height L ~ Total of A and B 
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TABLE F2. PRIORITY RANKING OF BRIDGES BY SUBSTRUCTURE RATING 
BRIDGE RATINGS 
OlREC- LENGTH 
ROUTE COUNTY "ILEPOST T!ON AADT l FEET I A 8 c 0 E F G H l J K l 
9264 JEFFERSON lOGS l 70,885 1247 6 6 ~ 5 11 3 3 10 5 7 61 12 
9064 FRANKLIN 51.5 2 10,653 150 6 11 6 5 7 3 3 10 
' 
7 63 17 
9065 BULL ITT il6oJ 2 26,421 5<16 6 10 4 5 4 3 0 10 5 5 52 16 
I 9065 JEFFEKSON 127. d 2 'tlt329 3BC'> 8 10 7 5 4 3 3 10 5 5 60 18 
9264 JtFFERSQN l(;.. l 1 5Eit648 199 8 10 4 5 4 3 0 10 5 7 56 18 
9264 JEFFEKSUN 15.8 1 84,8~8 94 8 10 6 5 11 3 3 10 5 7 68 18 
9264 JEFFERSON l9o5 1 :>8,710 76 8 10 5 5 15 3 3 10 3 7 69 18 
9264 JEFFEKSON 2loG 1 36,040 145 8 8 4 5 7 3 6 10 5 7 63 16 
9065 JEFFERSON 134· 5 1 93,956 287 8 10 4 5 4 3 12 10 5 9 70 18 
9005 JEFFERSON 135o2 1 93,956 123 8 10 4 5 4 5 6 10 5 7 64 18 
9065 JEFFERSON 135 .. 3 2 '13,956 3d7 8 10 4 5 4 3 6 10 5 7 62 18 
9065 JeFFERSON 135.9 l 'B 9 956 4U5 8 18 6 5 4 3 6 10 5 7 64 18 
9064 FAYETTE 83o0 2 12,713 170 
" 
10 6 5 9 8 6 10 5 7 74 18 
9064 SHE=LBY 36o9 2 13,0~1 195 8 8 7 5 7 3 12 10 5 9 T4 16 
~064 MONTGOMERY 105 .. 5 1 6t744 159 8 10 6 5 7 3 12 10 5 7 73 18 
9064 BATH 120.0 2 7,617 390 8 1U 6 5 q 3 12 10 5 9 77 18 
9065 HARtJIN 91 .. 5 2 24,134 167 8 1 1 6 5 4 3 6 10 5 7 65 19 
9065 BULL!TT 104.7 1 26t421 2u1 8 10 7 5 4 3 3 10 5 5 60 18 
9071 HENRY Zdol 2 l2t379 23J 8 10 6 5 1 3 0 10 5 9 63 18 
Column A rating of 6 means that a major contract should be let for bridge substructure repair 
Column A rating of 8 means that major substructure items are in need of repair 
A = Substructure Condition E = Clear Roadway Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G = Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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TABLE F3. PRIORITY RANKING OF BRIDGES BY SUPERSTRUCTURE RATING 
BRIDGE RATINGS 
D!REC- LENGTH 
ROUTE COUNTY M!LtPJST TION AAOT I FEE f I A B c 0 E F (, H l J K L 
9264 JEFFERSON 10.5 l 70,885 1247 6 6 5 5 11 3 3 10 5 7 61 12 
9065 JEFFERSON l36el 2 93' 9 56 113 10 6 5 5 4 3 6 10 5 7 61 16 
9065 JEFFERSON 136.2 1 93o956 514 11 6 4 5 4 3 6 10 5 7 61 17 
9065 JEFFERSON 136.4 1 93.9 56 1566 10 6 4 5 9 3 6 10 5 7 65 16 
9065 JEFFERSON 136.4 3 85,255 112 10 6 6 5 9 3 6 10 5 7 67 16 
9065 JEFFERSON 136.4 3 85,255 371 11 6 6 5 7 3 6 10 5 7 66 17 
9264 JEFFERSON 0.3 I 14o767 75 10 6 6 5 15 3 12 10 5 7 79 16 
9075 KENTON 191.7 1 88o623 1737 11 6 6 5 ? 5 12 10 5 4 7l l7 
9ZCJ4 JEFFERSON 20 .. 7 1 5Bo712 ~~" 10 a 6 5 7 3 3 10 5 1 64 16 
9l64 JEFFERSON 21 .. 0 1 36,040 145 8 a 4 5 7 3 6 10 5 7 63 16 
9065 JEFFERSON 134.0 0 65,255 139 11 a 6 5 9 3 6 10 5 9 72 19 
9065 JEFFERSON 134-il 1 93,956 139 10 8 4 5 4 3 6 10 5 9 04 16 
9065 JEFFERSON l34el 1 93,956 128 10 8 4 5 4 3 6 10 5 9 64 16 
9065 JEFFERSON 134.6 1 93,956 166 10 8 4 5 4 3 12 10 5 9" 70 16 
9065 JEFFERSON 134.6 2 93,956 159 10 8 4 5 4 3 6 10 5 7 6Z 18 
9071 JEFFERSON 1. 7 1 32' 0 39 270 11 8 5 5 7 3 12 10 5 7 73 19 
9071 JEFFERSON 1o9 1 32,039 150 ll a 6 5 15 3 12 10 5 9 84 19 
9071 JEFFERSON 2.9 1 j2,039 150 11 a 1 5 12 3 12 10 5 9 82 19 
9075 KENTON 190.7 2 t:i8t623 159 11 a 6 5 7 8 12 10 5 4 76 19 
9064 SHELBY 36o9 2 13o091 195 a a 7 5 7 3 12 10 5 9 74 16 
9064 SHELBY 42.0 2 13,673 253 10 8 5 5 7 3 12 10 5 7 12 18 
9064 BATH ll7oH 1 7v617 2\J 4 11 6 6 5 12 3 12 10 5 9 81 19 
9064 BATH 116.3 1 7,617 340 10 8 4 5 9 3 12 10 5 9 75 16 
9064 ROWAN 136.3 1 5,541 402 ll 8 6 5 9 3 12 10 5 9 78 19 
9064 CARTER 160.8 l 4tB15 418 11 a (> 5 7 3 12 10 5 9 76 19 
9064 CARTER l66o£ 1 6,463 144 11 a 6 5 12 3 12 10 5 9 81 19 
9064 BOYD 185.4 1 6,708 159 ll 8 5 5 1 3 3 10 5 7 b't 19 
9065 ~ARDIN 92.1 2 24' 134 104 10 a 6 5 4 3 6 10 4 5 61 16 
9065 HARDIN 98 .. 5 1 26,137 62 II 8 6 5 11 3 6 10 5 5 70 19 
9065 HARDIN 1.00 .. 4 I 26,137 106 10 8 4 5 4 3 6 10 4 5 59 18 
90t.5 HARDIN 103.2 1 26,137 570 11 a 7 5 4 3 12 10 5 5 70 19 
9071 HENRY 30.0 2 l2v379 359 11 8 6 5 9 3 12 10 5 9 78 19 
9071 HENRY 32o3 1 12t379 434 10 a 6 5 7 3 12 10 5 9 75 16 
9075 WHITLEY 14·5 2 1.3,678 670 11 8 7 5 q 3 0 10 5 1 65 19 
9075 LAUREL 33.1 1 1.6,609 250 11 a 6 5 11 3 12 10 5 9 60 19 
9075 LAUREL 50.7 1 17t387 BitS !I a 6 5 9 3 12 10 5 9 16 19 
9075 ROCKCASTLE 62 .. 6 1 1.8,799 72 11 8 7 5 11 3 12 10 5 9 81 19 
Column B rating of 6 means that a major contract should be let for bridge superstructure repair 
Column B rating of 8 means that major superstructure items are in need of repair 
A = Substructure Condition E = pear Roadway Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G = Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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TABL£ F4. PRIORITY RANKING OF BRIDGES BY FLOOR CONDITION RATING 
BRIO.;E RATINGS 
OIREC- LENGTH 
ROUTE COUNTY MILEPOST TION AAOT I FEF T I A B ( 0 E F G H J K l 
9264 JEFFERSON lOel 1 58,648 199 8 10 4 5 4 3 0 10 5 7 56 18 
9264 JEFFERSON 10 .. 2 2 58t648 145 11 10 4 5 4 3 0 10 5 7 59 21 
9264 JEFFERSON lleO 1 76,220 165 ll 10 4 5 4 3 0 10 5 7 59 21 
9264 JEFFERSON 21.0 1 36' 040 145 8 8 4 5 7 3 6 10 5 7 b3 16 
9065 JEFFERSON 133.1 1 93t956 126 11 10 4 5 4 3 12 10 5 9 73 21 
9065 JEFFERSON 133.3 1 93,956 138 10 10 4 5 4 3 12 10 5 9 72 20 
9065 JEFFERSON 134 .. 0 1 93t956 139 10 8 4 5 4 3 6 10 5 9 b4 18 
9065 JEFFERSON 134o1 I 93' 9 56 128 10 8 4 5 4 3 .6 10 5 9 64 18 
9065 JEFFERSON 134.3 1 93t956 158 10 10 4 5 4 3 9 10 5 9 69 20 
9065 JEFFERSON 134 .. 5 1 93t956 287 8 10 4 5 4 3 12 10 5 9 70 18 
9065 JEFFERSON 134 .. 6 I 93,956 166 10 8 4 5 4 3 12 10 5 9 70 18 
9065 JEFFERSON 134.8 2 93 '9 56 159 10 8 4 5 4 3 6 10 5 7 62 18 
9065 JEFFERSON 135.1 1 93,956 158 10 10 4 5 4 3 6 10 5 7 64 20 
9065 JEFFERSON 135.2 1 93,956 123 8 10 4 5 4 5 6 10 5 7 64 18 
9065 JEFFERSON 135.3 2 93r956 387 8 10 4 5 4 3 6 10 5 7 62 18 
9065 JEFFERSON 136 .. 2 1 93 '9 56 514 11 6 4 5 4 3 6 10 5 7 61 17 
9065 JEFFERSON l36o4 1 93 '9 56 1586 10 6 4 5 9 3 6 10 5 7 65 16 
9071 JEFFERSON 6.2 1 27r291 269 ll 10 4 5 7 3 12 10 5 9 76 21 
9075 KENTON 190.6 2 8Br623 684 11 II 4 5 7 3 12 10 5 2 70 22 
9075 KENTON 1.88.3 2 90r524 159 10 11 4 5 7 3 12 10 5 2 69 21 
9064 BATH ll8. 3 1 rr6l.7 340 10 8 4 5 9 3 12 10 5 9 75 18 
9065 HARDIN tOOo4 1 26rl37 106 10 8 4 5 4 3 6 10 4 5 59 18 
9065 BULL ITT 1.16.0 2 Z6r421 5Bfr 6 10 4 5 4 3 0 10 5 5 52 16 
9Zb4 JEFFERSON 10.5 1 70r 885 1247 6 6 5 5 11 3 3 10 5 7 61 12 
9264 JEFFERSON 13.iJ 1 so,ooo 203 10 10 5 7 4 3 .3 10 5 7 64 20 
9264 JEFFERSON 19.5 1 5Br7l·O 76 8 10 5 5 15 3 3 10 3 7 69 18 
9264 JEFFERSON 19.9 1 54r603 216 10 10 5 5 15 3 3 10 5 7 73 20 
9065 JEFFERSON 130.5 3 9r315 2<1 11 11 5 5 15 3 3 10 5 5 73 22 
9065 JEFFERSON l32o6 1 93 t 9 56 358 10 10 5 5 4 3 6 10 5 9 72 20 
9065 JEFFERSON 132.6 1 79,768 229 11 10 5 5 4 3 12 10 5 9 74 21 
9065 JEFFERSON 133 .. 8 1 93r956 340 10 11 5 5 7 3 6 10 5 9 71 21 
9065 JEFFERSON 134 .. 4 I 93,956 159 11 10 5 5 7 3 6 10 5 9 71 21 
9065 JEFFERSON 136.1 2 93 '9 56 113 10 6 5 5 4 3 6 10 5 7 61 16 
9071 JEFFERSON 1o7 1 3Zt039 270 11 8 5 5 7 3 12 10 5 7 73 19 
9064 SHELBY 42.0 2 l3 '6 73 253 10 8 5 5 7 3 12 10 5 7 72 18 
9064 BATH l2lo7 I 5r949 3U9 ll 11 5 5 7 3 12 10 5 9 78 22 
9064 BOVO 181 .. 3 1 6r708 400 ll 11 5 5 15 3 12 10 5 7 84 22 
9064 BOVO 181.9 1 6r708 212 11 II 5 5 7 3 6 10 5 7 70 22 
9064 BOYD 185.1 1 6t70B 483 10 11 5 5 7 3 6 10 5 7 70 21 
9064 BOYO 185o4 1 6r70B 159 11 8 5 5 7 3 3 10 5 7 64 19 
9064 BDVO l9le0 l 9r728 252 11 11 5 5 7 3 6 10 5 7 70 22 
9065 HART 61ol 2 17,750 708 ll II 5 5 9 3 12 10 5 9 80 22 
9065 HART 6'tol l 19t0ZB 160 10 lu 5 5 9 3 12 10 5 9 78 20 
•9065 HARDIN 88.3 1 23r551 114 11 ro 5 5 15 3 12 10 5 5 81 21 
9065 BULLITT 112.3 2 26r421 176 10 10 5 5 4 3 6 10 5 5 63 20 
9075 WHITlEY 1.3 2 l4t455 346 ll 10 5 5 9 3 6 10 4 7 70 21 
9075 WHITLEY 2·4 2 14,455 399 11 10 5 5 9 3 6 10 4 7 10 21 
9075 SCOTT 128.3 1 20t032 309 II 10 5 5 1 7 12 10 4 1 78 21 
9075 SCOTT 134.3 1 Zlt 195 310 11 II 5 5 7 8 12 10 5 7 81 22 
9075 SCOTT 13 5 .. 1 1 21.195 187 10 10 5 5 7 8 12 10 5 7 79 20 
Column c rating of 4 means that a major contract should be let for floor repair 
Column C rating of 5 means that major floor items are in need of repair 
A = Substructure Condition E = Clear Roadway Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G = Traffic Safety Feat,ures K = Total of A through J 
D = Design Loading li = Clear Roadway Height L = Total of A and B 
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TABLE FS. PRIORITY RANKING OF BRIDGES ACCORDING TO INVENTORY FEATURE 
"CLEAR ROADWAY WIDTH" 
BRIDGE RATINGS 
01 REC- LENGTH 
ROUTE COUNTY MILEPOST TION AADT I F~E T I A B c 0 E F G H I J 
K L 
90H JEFFERSON 7. 8 1 39,763 89 12 12 8 5 4 3 12 10 5
 9 80 24 
9065 JEFFERSON 127.8 2 4lt329 380 8 10 7 5 4 3 3 10 5
 5 bO 18 
9065 JEFFERSON 129.8 1 46t623 144 10 11 b 5 4 3 3 10 5 5 62 2
1 
9261<> JEFFERSON 9.2 1 58,648 85 10 11 6 5 4 3 b 10 
5 7 67 2l 
9264 JEFFERSON lOel 1 58,648 199 8 10 4 5 4 3 0 10 5
 7 56 18 
9264 JEFFERSON 10.2 2 58,648 145 11 10 4 5 4 3 0 10 5
 7 59 21 
9264 JEFFERSON 11.0 1 76,220 165 ll 10 4 5 4 3 0 10 5
 7 59 21 
9264 JEFFERSON l3e0 1 ao,ooo wo 10 10 5 7 4 3 3 10 5 7 64 20
 
9264 JEFFERSON 15. 1 2 85,088 107 ll 11 6 5 4 3 6 10 4 7 
67 22 
9065 JEFFERSON 1 30ol 0 46 9 62 3 137 ll 10 6 5 4 3 3 10 5 5 62 21 
9065 JEFFERSON 13Jo7 1 72,415 221 10 10 6 5 4 3 6 10 5 5 64 20 
9065 JEFFERSON 131.2 1 79,766 138 11 10 6 5 4 3 12 10 5 9 75 21 
9065 JEFFERSON 131.3 2 79,768 144 ll 11 6 5 4 3 12 10 5 9 76 22 
9065 JEFFERSON 131.4 1 79,7b8 153 10 11 6 5 4 3 12 10 5 9 75 21 
9065 JEFFERSON 132.2 l 79,768 12 9 10 10 6 5 4 3 12 10 5 9 74 20 
9065 JEFFERSON 132.6 1 93,956 358 10 10 5 5 4 3 b 10 5 9 72 2
0 
9065 JEFFERSON 132.& 1 79,7&8 229 11 10 5 5 4 3 12 10 5 9 74 21
 
9065 JEFFERSON 13 3. 1 1 93,956 126 11 10 4 5 4 3 1 2 10 5 9 73 2
1 
9065 JEFFERSON 133 .. 3 1 93' 9 56 138 10 10 4 5 4 3 12 10 5 9 72 20
 
9065 JEFFERSON 134.0 1 93,956 139 10 8 4 5 4 3 6 10 5 9 
64 18 
9065 JEFFERSON 134. l 1 93,956 128 10 8 4 5 4 3 6 10 5 9 64 
18 
9065 JEFFERSON 134.3 1 93,956 158 10 10 4 5 4 3 9 10 5 9 
69 20 
9065 JEFFERSON 134.5 1 93,956 287 8 10 4 5 4 3 12 10 5 9 70 
18 
9065 JEFFERSON 134.6 1 93,956 168 10 8 4 5 4 3 12 10 5 9 
70 18 
9065 JEFFERSON 134.8 2 93 '9 56 159 10 6 4 5 4 3 6 10 5
 7 62 18 
9065 JEFFERSON 135 .. 1 1 93,956 158 10 10 4 5 4 3 6 10 5
 7 64 20 
9065 JEFFERSON 135.2 1 93' 9 56 123 8 10 4 5 4 5 6 10 5 7 64 18
 
9065 JEFFERSON 135 .. 3 2 93,956 387 8 10 4 5 4 3 6 10 5 7 62 1
8 
9065 JEFFERSON 135.8 3 'tZ,642 130 10 11 7 5 4 3 6 10 5 7 66 
21 
9065 JEFFERSON 135.8 1 93,956 159 11 10 6 5 4 3 6 10 5 7 
67 21 
9065 JEFFERSON 135 .. 9 1 93 '9 56 405 8 10 6 5 4 3 6 10 
5 7 64 18 
9065 JEFFERSON 136 .. 0 1 93,956 n ll 11 6 5 4 3 6 10 5
 7 68 22 
9065 JEFFERSON 136 .. 1 2 93,956 113 10 6 5 5 4 3 6 10 5 7 
61 16 
9065 JEFFERSON 136.2 1 93,956 514 11 6 4 5 4 3 6 10 5 7 
61 17 
9065 JEFFERSON 136 .. 4 3 85,255 585 10 11 7 5 4 3 6 10 5 7 
68 21 
9065 JEFFERSON 136.4 3 85,255 733 10 11 7 5 4 3 6 10 5 
7 68 21 
9075 KENTON 191.2 3 3t000 33 11 11 7 5 4 3 3 10 5
 7 66 22 
9071 BOONE 7bo6 1 14,241 307 ll 10 6 5 4 6 9 10 5
 9 75 21 
9065 HARDIN 9 lo4 1 24,134 136 10 11 7 5 4 5 6 10 5 
7 70 21 
9065 HARDIN 92.1 2 24,134 1u4 10 8 6 5 4 3 6 10 4 
5 61 18 
9065 HARDIN 91.5 2 24,1 34 187 8 11 6 5 4 3 6 10 5 
7 65 19 
9065 HARDIN 100o4 1 26,137 100 10 8 4 5 4 3 6 10 4 
5 59 18 
9065 HARDIN 103.2 1 26tl37 570 ll 8 7 5 4 3 12 10 5 
5 70 19 
9065 BULL! TT 104.7 1 26,421 201 B 10 7 5 4 3 3 10 5 5 
60 18 
9065 BULL! TT ll2.3 2 Z6t42l 175 10 to 5 5 4 3 6 10 5 5 
63 20 
9065 BULL! TT 112 .. 4 2 26,421 176 10 10 6 5 4 3 
q 10 5 5 67 20 
9065 BULL!TT 115 .. 5 1 26,394 111 10 10 6 5 4 3 0 10 5 5 
58 20 
9065 BULL! TT ll6. 0 2 2.6,421 586 6 10 4 5 4 3 0 10 5 5 
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Column E rating of 4 means ''Basically Intolerable and High Priority Need of Repairn 
A = Substructure Condition E = Clear Roadway Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G = Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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TABLE F6. PRIORITY RANKING OF BRIDGES BY TRAFFIC SAFETY FEATURES 
BRIDGE RATlfiJGS 
O!REC- lENGTH -
ROUTE C DUN TV MILEPOST TION AAOT ( Fi::t Tl A 8 c D E F G H l J K L 
906't JEFFERSON 20 .. 7 2 14t886 285 ll 11 6 5 7 3 D 10 5 7 65 22 
9264 JEFFERSON 10.1 1 58v648 199 8 10 4 5 4 3 0 10 5 7 56 16 
9264 JEFFERSON 10 .. 2 2 58,648 145 ll 10 4 5 4 3 0 10 5 7 59 21 
9264 .JEFFERSON 11 .. 0 1 76·220 !65 11 10 4 5 4 3 0 10 5 7 59 21 
9065 JEFFERSON 136 ... 7 1 84v044 3168 II 10 6 5 II 3 0 10 5 i 68 21 
901! JEFFERSON o.a 2 37,167 138 ll 10 6 5 12 3 0 10 5 7 69 21 
9024 MCCRACKEN o.o 1 4v240 5634 12 12 8 7 ll 8 0 10 5 9 82 24 
9024 MCCRACKEN o.o 2 4t240 5634 12 !2 8 7 !I 8 0 !0 5 9 62 24 
9024 MCCRACKEN 2.2 l 4t240 !33 12 12 8 7 !I 8 0 !0 5 9 62 24 
9024 MCCRACKEN 2.2 2 4t240 133 12 12 8 7 ll 8 0 10 5 9 82 24 
9024 MCCRACKEN 2.9 1 4t240 142 12 12 8 7 11 8 0 10 5 9 82 24 
9024 MCCRACKEN 2.9 2 4t240 142 12 12 8 7 l! B 0 10 5 9 82 24 
9024 MCCRACKEN 3.4 1 4v240 181 12 12 8 7 ll 8 0 10 5 9 62 24 
9024 MCCRACKEN 3.4 2 4,240 181 12 12 8 7 II 8 0 10 5 9 82 24 
9024 MCCRACKEN 3.6 1 4v240 17~ 12 12 8 7 !I a 0 10 5 9 82 24 
9024 MCCRACKEN 3ob 2 4, 240 170 12 12 8 7 II 8 0 10 5 9 a2 24 
9024 MCCRACKEN 4.3 1 4t240 224 12 12 8 7 15 a 0 10 5 9 a6 24 
9024 MCCRACKEN 4.3 2 4, 240 224 !2 12 8 7 15 8 0 10 5 9 a6 24 
9064 CARTER l7 2. 5 1 6,481 357 11 11 6 5 12 3 0 10 5 9 72 22 
9065 BULLITT 115.5 1 26,394 Ill 10 10 6 5 4 3 0 10 5 5 56 20 
9065 BULLITT 116 .. 0 2 26t421 586 6 10 4 5 4 3 0 10 5 5 52 16 
9071 HENRY 26.1 2 12t379 230 8 10 6 5 7 3 0 10 5 9 63 18 
9075 WHITLEY 14 .. 5 2 13,678 670 11 8 7 5 9 3 0 10 5 7 65 19 
9075 WHITLEY 17.3 2 14,702 172 10 10 6 5 12 3 0 10 5 9 70 20 
9065 JEFFERSON 12 7. 8 2 41,329 380 8 10 7 5 4 3 3 10 5 5 60 18 
9005 JEFFERSON 129.8 1 46,623 144 10 II 6 5 4 3 3 10 5 5 62 21 
9264 JEFFERSON 10 .. 5 1 70,885 1247 6 6 5 5 11 3 3 10 5 7 61 12 
9264 JEFFERSON l3 .. J 1 ao,ooo 200 10 1u 5 7 4 3 3 I 0 5 7 64 20 
9264 JEFFERSON 1s. a 1 84,898 94 8 10 6 5 11 3 3 1 0 5 7 68 18 
9264 JEFFERSON 19 .. 5 1 58,710 76 8 10 5 5 15 3 l I 0 3 7 69 18 
9264 JEFFERSON 19 .. 9 I 54,603 216 10 10 5 5 15 3 3 10 5 7 n 20 
9264 JEFFERSON 20.7 1 58' 712 199 10 8 6 5 7 3 l 1 0 5 7 64 18 
9065 JEFFERSON 130 .. 1 0 46,623 137 11 10 6 5 4 3 3 Ill 5 5 62 21 
9065 JEFFERSON 130 .. 5 3 9,315 22 I 11 ll 5 5 15 3 3 I 0 5 5 73 22 
9071 JEFFERSON o .. o 2 37,167 148 11 10 6 5 1 2 3 3 10 5 7 72 21 
9071 JEFFERSON 0.3 2 31' 167 240 ll 10 6 5 12 3 3 10 5 7 72 21 
9071 JEFFERSON o. 5 1 37,167 1J5 11 10 7 5 12 3 3 I 0 5 7 n 21 
9264 JEFFERSON 7 .. 3 2 54' 6 31 197 1 2 12 8 7 7 8 3 I 0 5 9 81 24 
9075 KENtON 190 .. 9 3 3,000 275 II 11 6 5 15 3 3 1 0 5 5 74 22 
9075 KENTON 191 .. .2' 3 3,000 33 11 I 1 7 5 4 3 l 10 5 7 6h 22 
9064 FRANKLIN 49 .. 1 l 10,653 212 11 10 7 5 7 3 l 10 5 7 68 21 
9064 FkAI'JKL IN 5! .. 5 2 lDt653 159 6 1 1 6 5 7 3 
' 
10 5 7 
"' 
I 7 
9064 BOYD 185 .. 4 1 6,708 159 1 1 8 5 5 7 3 3 1 0 
' 
7 64 19 
9065 BULL ITT 104.7 1 26,421 201 8 10 1 5 4 3 3 1 0 5 5 60 1 8 
9065 BULL ITT 105 .. 9 1 26,421 128 1 1 10 7 5 9 3 3 I 0 5 5 oB 21 
9011 CARkOLL 39 .. 3 1 ll,3J7 336 11 10 7 5 7 8 3 1 0 
' 
9 75 21 
9071 CAR 1-i. OL l 39 .. 4 1 ll,337 336 10 10 7 5 7 8 l 1 0 < 9 74 20 
9071 CAP ROLL 43 .. 9 1 1 h 337 769 11 10 7 5 7 8 3 1 0 
' 
10 76 21 
9071 CARROLL 44 .. 3 1 11,337 234 10 10 6 5 12 8 
' 
1 0 5 9 78 20 
9071 CARROLL 46 .. 0 1 llt2t!4 339 11 10 7 5 1 8 3 1 0 
' 
9 75 21 
9071 GALLATIN 53 .. 't 1 12,668 l 55 10 10 7 5 12 8 
' 
1 0 5 10 80 20 
~071 GALLATIN 56~6 2 l2v6bB 183 10 10 6 5 1 2 8 3 1 0 5 IU 79 20 
9071 GALLATIN 63 .. 5 1 l2,6t>8 1.2 8- 11 1u 7 5 12 8 3 1 0 5 10 81 21 
9071 GALLATIN 6S .. 5 2 12,608 I 55 10 10 7 5 12 8 l 10 5 Ill 80 20 
9071 GALLATIN 6 7.! 1 12,608 12 B 11 1U 7 5 1 2 3 3 I 0 5 IO 81 21 
9075 MADISON 60.8 1 20?874 307 10 10 6 5 7 8 l 10 4 7 70 20 
Column G rating of 0 means four safety features substandard; rating of 3 means three safety features 
substandard 
A = Substructure Condition E = Clear Roadway Width I = Waterway Conclitition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G = Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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TABLE F7. PRIORITY RANKING OF BRIDGES BY WATERWAY CONDITION 
dRIDGE RATlNvS 
JI REC- LENGTH 
KOUTE COUNTY MILEPOST TION AAOT ( FI::F: T) A B c 0 E F " 
H j K L 
9264 JEFFERSON 19.5 58,710 76 8 10 5 5 15 3 3 10 3 7 69 18 
9264 JEFFERSON 15.[ 2 as,oas 107 11 11 6 5 4 3 6 10 4 7 67 22 
9264 JEFFERSON o.1 3 14,787 812 11 10 6 5 15 3 12 10 4 7 66 2 1 
9075 FAYETTE 116.1 1 32,525 117 10 10 6 5 15 8 12 10 4 7 67 20 
90b4 WUOUFORD 67 .. 1 1 l4t0~7 1o 5 ll 10 6 5 15 3 1 2 \ 0 4 9 65 Zl 
9064 CARTER 170.9 1 6t4b3 159 ll 10 6 5 12 3 1 2 1 0 4 9 62 21 
9005 HARDIN 92 .. l 2 24' 1 34 104 10 8 6 5 4 3 6 10 4 5 61 16 
9065 ~ARDIN 1.oa .. 4 1 26,137 106 10 6 4 5 4 3 6 10 4 5 59 18 
9075 WHITLEY 1.3 2 14,455 346 11 10 5 5 9 3 6 10 4 7 70 2 1 
9075 WHITLEY 2.4 2 14,455 399 11 10 5 5 9 3 6 10 4 7 70 21 
9075 LAUREL 41.9 2 16,6 JB 129 11 11 6 5 1 1 3 12 \ 0 4 9 62 22 
9075 MADISON 8J .. 8 1 20,874 307 10 \0 6 5 7 8 3 \ 0 4 7 70 20 
9075 SCOTT 124.3 1 l7t863 206 10 \ 1 7 5 7 6 12 \0 4 7 d \ 21 
9075 SCOTT 128 .. 3 1 20,032 309 1\ \0 5 5 7 1 12 1 0 4 7 76 21 
Column rating of 3 means that a major contract should be let for repair 
Column I rating of 4 means that minor items are in need of repair 
A == Substructure Condition E = Clear Roadway Width I = Waterway Conditition 
B = Superstructure Condition F = Approach Alignment J = Remaining Life 
C = Floor Condition G Traffic Safety Features K = Total of A through J 
D = Design Loading H = Clear Roadway Height L = Total of A and B 
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APPENDIX G 
PROCEDURE FOR 
IDENTIFYING IDGH-ACCIDENT LOCATIONS 
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IDENTIFICATION OF HAZARDOUS LOCATIONS 
The recommended procedure for identifying 
hazardous locations consists of first using a number of 
accidents method. This involves identifying highway 
spots and sections based on a predetermined minimum, 
annual number of accidents. Traffic volumes are then 
found for those locations, and accident rates are 
calculated. Spots are 0.3-mile {0.48-km) segments and 
rates are expressed in accidents per million vehicle 
passes. Sections are usually l mile (!.6 km) in length, 
and rates are given in terms of accidents per million 
vehicle-miles (vehicle-kilometers). 
After the rates of each spot and section are found, 
the Rate-Quality Control method should be utilized. 
This will determine whether the accident rate at a 
location is abnormally high with respect to the traffic 
volume and the average rate for similar locations. The 
formula for this method is 
CR 'A + .,fiJiTI + l/2m 
where CR = critical rate for a particular highway 
location in accidents per million 
vehicles (A/MY) (spots) or accidents 
per million vehicle miles (A/MVM) 
(sections). 
A overall average accident rate for 
locations of like characteristics in 
terms of A/MV or A/MVM, 
m = number of vehicles (spots) or 
vehicle-miles (sections) at a location 
in a year (in millions), and 
k probability factor determined by 
the statistical significance desired 
for the equation. For probability 
levels of 0.95 and 0.995, k values 
of !.96 and 2.576 are used, 
respectively. 
Using this formula, a critical rate is determined for 
each spot and section. If the actual accident rate equals 
or exceeds the critical rate, then the location is critical. 
If not, then the location is not critical. The actual rate 
may be divided by the critical rate to find the critical 
rate factor. If the critical rate factor equals or exceeds 
l.O, then the location is critical. Locations may be 
ranked in priority order by critical rate factor. 
Because of the differences in accidents and volumes 
between rural and urban areas, counties were classified 
into one of three classifications. Listed as large urban 
areas were Jefferson County and Kenton County. 
Fayette and Boone Counties were classified as medium 
urban areas, the other 116 counties were considered 
rural. Interstate accidents should be listed as 
bridge-related, interchange-related, or other. 
An analysis of 1976 accident data on Kentucky's 
interstates was completed so criteria could be developed 
for identifying hazardous spots and sections. A summary 
of bridge, interchange, and other accidents is given in 
Table G 1 for large urban, medium urban, and rural areas. 
Of the 5,948 interstate accidents in Kentucky during 
1976, 4!0 were on bridges, and !,!44 occurred at 
interchanges. Large urban areas had 3,809 accidents, 
compared to 1,652 in rural counties and 487 in medium 
urban areas. 
A detailed summary of bridge-related accidents is 
given in Table G2. Based on average numbers of 
accidents per bridge, critical accident numbers were 
computed for types of area. For a probability level of 
0.995, the criteria are six accidents for large urban areas, 
five accidents for medium urban areas, and four 
accidents for rural areas. Average accident rates were 
also found for use in the critical rate formula. 
For interchange-related accidents, accident and 
volume information are summarized in Table G3. Of 
l, !44 interchange accidents, 948 occurred in urban 
areas. Critical accidents per interchange are 23 for large 
urban areas, 10 for medium urban areas, and 5 for rural 
areas. Corresponding accident rates for the three area 
types are 0.53, 0.36, and 0.22 (accidents per million 
vehicles), respectively. 
For all locations excluding bridges and 
interchanges, critical numbers and average rates were 
also found and are given in Table G4. Of 4,394 of these 
accidents, 2,585 occurred in large urban areas, !,427 
in medium urban areas, and 382 in rural areas. Based 
on accidents per spot, critical accident numbers were 
!8, 6, and 4 (for a 0.995 probability level), respectively. 
Critical accident numbers for !-mile (1-6 km) sections 
were 45, 13, and 8, respectively. Average accident rates 
per million vehicles were 2.07 for large urban areas, 0.6! 
for medium urban areas, and 0.49 for rural areas. 
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To apply the recommended procedures to bridges, 
all bridge·related accidents should be printed out from 
the accident tape. The county, route,- and mileposts of 
each bridge accident shou,ld be matched manually to 
existing bridges. Bridges _which have a critical number 
of accidents (six, five, or four, depending on county 
type) should be found: Traffic volumes for these bridges 
should then be found. The location (county, route, and 
milepost), number of accidents, annual traffic volume, 
and bridge length {in feet) for each bridge should be 
punched on computer cards. Using the computer, the 
accident rate of each bridge should be computed using 
the formula 
AR 
where AR 
N 
AADT 
1,000,000 N/365 AADT,~ 
accident rate {accidents per 
million vehicles), 
annual numbef of accidents, 
and 
average annual daily traffic. 
The critical accident rate and critical rate factor 
for each bridge should then be determined by computer 
for each bridge. A computer priority listing of bridges 
should be obtained based on the critical rate factor 
{highest to lowest value). Bridge locations with highest 
prioriJies (particularly with critical rate factors above 
1.0) can then be studied further. 
A similar type of analysis can be made- for 
interchanges. For all locations other than bridges and 
interchanges, a slightly different procedure is used. A 
computer program should be written to search the 
accident tape for spots and sections exceeding the 
criticar accident numbers. Bridge and interchange 
accid~nts should not be included in this analysis. Then, 
accident rates, critical rates, and critical rate factors can 
· be determined by computer program. 
TABLE Gl. NUMBERS OF ACCIDENTS BY GEOMETRICS 
AND POPULATION GROUP 
LARGE MEDIUM 
URBAN URBAN RURAL TOTAL 
Bridge 276 23 Ill 410 
Interchange 948 82 114 1,144 
Other 2,585 382 1,427 4,394 
Total 3,809 487 1,652 5,948 
TABLE G2. SUMMARY OF ACCIDENTS AND VOLUMES ON BRIDGES 
LARGE MEDIUM 
URBAN URBAN RURAL TOTAL 
· Number of Accidents 276 23 Ill 410 
Number of Bridges 130 18 139 287 
Accidents per Bridge 2.1 1.3 0.8 1.4 
Critical Accidents per Bridge (P = 95.0} 5 4 3 4 
Critical Accidents per Bridge (P = 99.5) 6 5 4 5 
Average ADT 51,144 29,683 14,137 31,864 
Average Accident Rate 11.2 11.8 15.5 12.3 
{Accidents per Hundred Million Vehicles) 
Average Length per Bridge (Feet). 262 279 284 273 
Total BJ;idge Length (Miles) 6.45 0.95 7.48 14.88 
Vehicle-Miles (Millions) 120.4 10.3 38.6 169.3 
Average Accident Rate 2.29 2.23 2.88 2.42 
(Accidents/MVM) 
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TABLE G3. SUMMARY OF ACCIDENTS AND VOLUMES ON INTERCHANGES 
LARGE MEDIUM 
URBAN URBAN RURAL TOTAL 
Number of Accidents 948 82 114 1,144 
Number of Interchanges 72 20 79 171 
Accidents per Interchange 13.2 4.1 1.4 6.7 
Critical Accidents per Interchange (P = 95.0) 21 9 4 12 
Critical Accidents per Interchange (P = 99.5) 23 10 5 14 
Average ADT 68,046 31,678 17,638 40,50
2 
Average Accident Rate (Acc/MV) 0.53 0.36 0.218 0.45 
TABLE G4. ACCIDENT AND VOLUME DATA ON INTERSTATES (EXCLUDING BRIDGE AND 
INTERCHANGE ACCIDENTS) 
LARGE MEDIUM 
URBAN URBAN RURAL TOTAL 
Number of Accidents 2,585 382 1,427 4,394 
Total Miles 84.1 63.2 505.6 6,529 
Accidents per Mile 30.7 6.0 2.8 6.7 
Accidents per Spot 9.2 1.8 0.8 2.0 
Critical Accidents per Spot (P = 95.0) 16 5 3 5 
Critical Accidents per Spot (P = 99. 5) 18 6 4 6 
Critical Accidents per Mile (P = 95.0) 42 11 7 12 
Critical Accidents per Mile (P = 99.5) 45 13 8 14 
Average ADT 40,623 27,305 15,669 20,528 
V ehicle·Miles (Millions) 1,247 630 2,892 4,892 
Average Accident Rate (Acc/MVM) 2.07 0.61 0.49 0.90 
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APPENDIX H 
EXCERPTS FROM RESEARCH REPORTS 
ON GUARDRAILS, MEDIAN BARRIER WALLS, 
HAZARDOUS GORE AREAS, MEDIAN WIDTH, AND 
GENERAL SAFETY IMPROVEMENTS ON I 75 
IN NORTHERN KENTUCKY 
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EXCERPTS FROM 
GUARDRAIL PERFORMANCE: AN ANALYSIS OF ACCIDENT REPORTS 
by 
K. R. Agent 
Research Report 442 
Division of Research 
Kentucky Department of Transportation 
March 1976 
INTERSTATES AND PARKWAYS 
Number of Accidents 
A summary of guardrail-related accidents is given 
in Table Hl. Over 17 percent of all accidents and 26 
percent of single-vehicle accidents involved a W-beam 
guardrail. Approximately 21 percent of all the fatal 
accidents (and fatalities) involved a guardrail; over 40 
percent of the single-vehicle fatalities involved collision 
with guardrails. Injuries in guardrail-related accidents 
were 16 percent of all injury-type accidents and 28 
percent of all single-vehicle, injury-type accidents. The 
severity index for guardrail-related accidents was above 
the corresponding index for both total accidents and 
single-vehicle accidents. The accident data from state 
police reports did not include low-severity contacts 
which may go unreported. However, all accidents in 
which the accident diagram showed a vehicle striking 
a guardrail were included whether or not damage to the 
guardrail was listed. In 28 percent of the accidents, the 
report did not list damage to the guardrail. 
Vehicle Reaction 
A listing was made of the vehicle reaction after 
impacting the guardrail (Table H2). The severity index 
of each reaction was also listed. The total in Table 2 
is greater than the total number of accidents because 
in some accidents there was more than one guardrail 
collision. Undesirable reactions of vehicles were 
associated with the highest severity indices. 
Excluding accidents involving the upstream ends of 
guardrails, the most severe accidents were the result of 
the vehicle going over or through the guardrail or rolling 
over. There were several categories of low severity 
accidents resulting when the vehicle would slide to a 
stop along the guardrail, come to rest against the 
guardrail, rebound off the guardrail (not onto or only 
partially onto the road), rotate along guardrail but not 
into traffic, or straddle the guardrail. The following 
vehicle reactions were classified as favorable since the 
structural integrity of the guardrail was maintained and 
the post-impact trajectory of the errant vehicle did not 
endanger other vehicles: 
1. rebounded off guardrail (not onto or only 
partially onto the road), 
2. slid to stop along guardrail, 
3. came to rest against guardrail, 
4. straddled guardrail, and 
5. rotated along guardrail (did not rebound into 
traffic). 
Accidents in these categories which involved a serious 
injury (fatality or A-type injury) were counted as 
unfavorable reactions. 
Classification of two of the vehicle reactions was 
debatable. One problem area concerned accidents in 
which the vehicle straddled the guardrail. Although it 
is not desirable for the vehicle to mount the guardrail, 
the guardrail did prevent excursion past the barrier in 
those instances. The severity index of this type of 
outcome was low. The other problem area involved 
vehicles whioh rebounded onto the road. The severity 
of this accident was not high unless the vehicle 
rebounded into the path of another vehicle. There were 
43 occasions in which a vehicle rebounded off a 
guardrail and either hit another vehicle or caused 
another accident. This was approximately 17 percent of 
all collisions in which the vehicle rebounded off the 
guardrail onto or across the road. This type of vehicle 
reaction was classified as unfavorable since the guardrail 
should not redirect an errant vehicle into the path of 
following or approaching vehicles. 
Using the preceding classifications, it was 
determined that 47 percent of the outcomes were 
favorable. The highest number of. unfavorable reactions 
resulted from either a vehicle rebounding back onto or 
across the roadway or vaulting the guardrail. In no case 
did the vehicle wedge under the guardrail. 
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Of the accidents where the end of the guardrail 
was imp8.ct,ed, :the only 'type of low severity reaction 
involved a veh,icle straddling the guardrail. The highest 
severity resultpd from a blunt end of the rail puncturing 
a vehicle. 
End-of-Guardrail Collisions 
End-of-gu~rdrail collisions accounted for 17 
percent of the total number of guardrail collisions. The 
end of the guardrail was either blunt or buried. An end 
treatment consisting' of a breakaway cable terminal 
(BCT) has recently , been adopted, but accident 
experience involving this type of end trea.iment is not 
yet available. Vehicle reaction and 1 severity of 
end-of-guardrail collisions by type of en¢ treatment is 
given in Tables H3 and H4, respecti~e~. 
Different criteria m11st be used in evaluating 
end-of-guardrail collisions compared to other guardrail 
collisions. A guardrail-end collision was classified as 
favorable if the rail element did not pierce the vehicle, 
if the vehicle did not roll over, and if there were no 
serious injuries (fatalities or A-type injuries). Penetration 
past the guardrail end is allowed if sufficient recovery 
area is provided. Also, it is not required that the vehicle 
be redirected parallel to traffic flow. 
Using these criteria, 45 percent of the collisions 
with blunt ends and 6! percent with buried ends were 
favorable. The severity index associated with collisions 
with the bjunt-type ends was very high (5.09); 
penetration of the guardrail beam into Jhe vehicle and 
other less specific reactions led to an extremely high 
percentage of fatal and A-type injury collisions (39 
percent). The major cause of unfavorable encounters 
with the buried or ramped end was the vehicle rolling 
over. There were several injury-type collisions (18 
percent) whi~h resulted in a relatively high severity 
index (3.14); some of these r.esulted when the vehicl'e 
proceeded over and behind the guardrail. 
Number of Lanes Crossed before Collision 
To determine the effect of angle of collision on 
vehicle reactio'n and severity, the data were grouped by 
the number of lanes crossed before impact (Tables H5 
and H6). It was assumed that high-angle impacts would 
be associated wilth excursions originating in the more 
remote lanes. It was easier to obtain the number of lanes 
crossed from the accident report than to attempt to 
estimate the angle of each impact. A study of the 
accident reports indicjlted that the assumption was 
correct. The categories used for number of lanes crossed 
and corresponding angle of impact were none (low 
angle), one (medium angle) and ,two or more (high 
angle). 
The angle of collision did not significantly affect 
the percentage of favorable guardrail collisions (Table 
H5). However, there was a difference in the type of 
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trajectory. The percentage of vehicles that j11mped or 
went through the guardrail was much higher for the 
high-angle collisions, ·and the percentage of vehicles 
rebounding across the road or median was higher for 
the low~angle collisions. The severity increased as the 
angle of impact increased. This is reflected in the 
severity index and percentage of severe injury collisions 
(Table H6). 
Type of Vehicle 
A comparison was made of heavy truck collisions 
and other vehicle collisions (Table H7). Vehicles were 
classified as either a heavy,;fuck (almost exclusively 
tractor-trailers) or a passenge 'car and light truck. There 
was a substantial difference in vehicle reactions. 
Surprisingly, heavy trucks had a slightly higher 
percentage of favorable reactions. This appeared to be 
due to the high percentage of collisions in which the 
truck straddled the guardrail, which was classified as a 
favorable reaction if no severe injuries resulted. Also, 
heavy trucks tended not to rebound into the road. 
Vehicle penetration through the guardrail was limited 
.almost exclusively to heavy trucks. Some heavy truck 
collisions classified as having jumped the guardrail might 
have actually involved penetration through the guardrail; 
·the accident report was not always definitive. The 
severity of heavy truck collisions was higher than other 
vehicle collisions. 
Accidents Involving Concrete Median Barriers 
An ;ccident analysis was· 'made for one concrete, 
medjan barrier installation on a section of interstate 
highway. The barrier was installed as part of a safety 
improvement project and a I -year before and after 
accident analysis was performed. Accident records for 
the I -year after period (May I, I 97 I, to May 1, I 9172), 
which involved- all accidents on the improvement 
section, were searChed and accidents involvinJ the 
median barrier were identified. Both State· aJd local 
police reports were searched. State police files for the 
remaining months in I 972 and all of I 973 were also 
searched. During the !-year-after period, there were 42 
accidents (9 percent of the total accidents) involving the 
median barrier. Additional reports in I 972 and I 973 
raised the number of accidents involving the median 
barrier to 60 (62 collisions). There were no fatal 
accidents. The severity index was 2.38. This was 
considerably lower than for accidents involving the 
W-beam guardrail (2.90). The lower severity resulted 
from elimination of accidents involving velticles going 
over or through the barrier (high severity accidents). The 
only severe type accident occurred when a vehicle rolled 
over (Table H8). Four accidents were of this type 
(severity index of 5.88). In a majority of the accidents, 
the vehicle came to a stop at the median barrier. Most 
of these accidents were reported by local police, and 
several of the reports did not provide detailed 
information or diagrams., Therefore, it was not possible 
to be certain of vehicle reaction in all cases. If the report 
did not indicate that the vehicle rebounded into traffic, 
it was assumed the vehicle stopped alongside the median 
barrier. The report indicated the vehicle rebounded back 
into the road in 18 cases. In three (17 percent) of these 
accidents, the vehicle was involved in a collision with 
another vehicle when it rebounded into traffic. None 
of the accidents involved the end section of the median 
barrier. 
Using the criteria for favorable and unfavorable 
reactions after collision, it was found that 38 (61 
percent) of the collisions were favorable. To check the 
accuracy of this percentage, the number of favorable 
outcomes was determined from detailed information 
given in reports by state police; thirteen of the 23 
collisions (57 percent) reported by state police were 
classified as favorable. The approximately 60 percent 
favorable responses after collision with the median 
barrier corresponds to 4 7 percent with the W-beam 
guardrail. 
SUMMARY 
Guardrail-related accidents comprised a significant 
percentage of interstate and parkway accidents, 
particularly those resulting in fatalities. 
The severity of guardrail-related accidents was 
higher than the severity of all accidents. The high 
severity of guardrail-related accidents supports the 
hypothesis that designs which eliminate the hazard are 
superior to designs which use guardrail to protect against 
hazards. 
The response mode which resulted in the highest 
number of sever~ .injuries involved vehicles vaulting the 
guardrail. The data indicated that the mounting height 
should be raised above present specifications. Although 
there were no accidents in which a vehicle wedged under 
the guardrail, a problem could be created if the bottom 
of the rail was raised too high. One possible solution 
may be the newly developed Thrie beam guardrail. Also, 
accident data showed that the concrete barrier in the 
median eliminated this type of problem there. 
Guardrails have not been very successful in 
redirecting a vehicle parallel to traffic. Over 17 percent 
of the guardrail collisions on interstates and parkways 
(excluding collisions with guardrail ends) resulted in the 
vehicle rebounding across the road or the median. This 
type of accident usually did not result in a severe injury 
unless the vehicle rebounded into the path of another 
vehicle or jumped a guardrail on the opposite side of 
the road. On interstates and parkways, collisions with 
another vehicle occurred in about 17 percent of the 
accidents in which the vehicle rebounded onto or across 
the road. 
The only end treatments in use during the study 
period were the blunt and buried treatments. The buried 
end has provided a significant improvement over the 
blunt guardrail end. Accident severity was greatly 
reduced by eliminating piercing of the vehicle by the 
guardrail, but the problem of the vehicle rolling over 
after hitting the buried end was created. Collisions with 
the guardrail end had a much higher severity than 
collisions downstream from the leading end. The 
recently adopted Breakaway Cable Terminal (BCT) may 
provide an improved guardrail end treatment. No 
accident data were available to evaluate its effectiveness. 
The concrete median barrier eliminated vaulting or 
breaking through a barrier. Severity of collisions 
involving the median barrier was considerably less than 
for collisions involving the W-beam guardrail. The only 
severe type accident occurred when a vehicle rolled over. 
The percentage of collisions classified as favorable was 
higher for the median barrier wall than for the W-beam 
guardrail. 
As the angle of impact increased, the severity of 
the collision also increased. This resulted from an 
increased percentage of vehicles vaulting over the 
guardrail. 
Vehicle penetration through the guardrail was 
limited mostly to heavy trucks (almost exclusively 
tractor-trailers). Heavy trucks had a slightly higher 
percentage of favorable outcomes than cars and light 
trucks because of the high percentage of collisions in 
which heavy trucks straddled the rail and their tendency 
not to rebound onto the road. 
Shielding the gap between parallel bridges with 
guardrail has been a problem area. A past study showed 
that the W-beam guardrail was only partially effective. 
Several fatal accidents resulted when a vehicle jumped 
the guardrail and proceeded between the bridges. 
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TABLE HI. INTERSTATE AND PARKWAY ACCIDENTS (1972 and 1973) 
NUMBER OF 
FATAL 
ACCIDENTS ACCIDENTS3 FAT ALITIES3 
Total Accidents 5728 194 239 
Guardrail-Related 
Accidents 1000 42 50 
Percent of Total 17.5 21.6 20.9 
Total Single-Vehicle 
Accidents 3057 91 110 
Guardrail-Related 
Single-Vehicle 
Accidents 794 39 45 
Percent of Total 26.0 42.9 40.9 
3Qnly fatalities and injuries directly related to the guardrail collision were counted, 
.bseverity index of total guardrail collisions. 
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TABLE H2. VEHICLE REACTION AFTER 
IMPACTING GUARDRAIL (INTERSTATE AND PARKWAY DATA) 
INJURIES3 
3937 
632 
16.1 
1816 
517 
28.5 
NUMBER OF SEVERITY 
VEHICLE REACTION OCCURRENCES INDEX 
Rebounded off guardrail 345 2.38 
Not onto road 55 1.52 
Partially onto road 35 2.13 
Onto road 101 2.41 
Across road 131 2.72 
Across median 23 2.76 
Slide to stop along guardrail 91 [.99 
Came to rest against guardrail,. 129 2.03 
Went over guardrail 109 4.94 
Went through guardrail 20 4.98 
Rolled over 29 4.93 
Straddled guardrail 87 1.11 
Rotated along guardrail (does not 
rebound into traffic) 44 1.99 
Hit guardrail and went around end 25 :!.24 
Hit ba£k of guardrail 18 3.67 
Hil end of guardrail 183 3.94 
Rebounded off guardrail 26 3.21 
Rolled over as result of guardrail 40 4.16 
Straddled guardmil 33 2.26 
Guardrail end punctured vehicle 14 6.93 
Stoppe~ at blunt end 15 4.43 
Went through barrier 4 5.88 
Went over or hit end and then went 
behind guardrail 5I 3.64 
SEVERITY 
INDEX 
2.75 
2.9ob 
2.79 
3.02b 
TABLE H3. VEillCLE REACTION IN END-OF-GUARDRAIL COLLISIONS BY TYPE OF END TREATMENT 
(INTERSTATE AND PARKWAY DATA) 
TYPE OF END TREATMENT 
VEHICLE REACTION BLUNT BURIED 
NUMBER PERCENT OF NUMBER PERCENT OF 
Rebounded off barrier end 
Rolled over as result of barrier end 
Straddled rail 
Guardrail end pierced vehicle 
Stopped at blunt end 
Went through barrier end 
Went over or hit end and then 
behind guardrail 
Successful guardrail-end collision3 · 
13 
10 
2 
14 
IS 
4 
17 
34 
TOTAL 
17.3 13 
13.3 30 
2.7 31 
18.7 0 
20.0 0 
5.3 0 
22.7 34 
45.3 66 
a A successful guardrail-end collision means the guardrail terminal did not pierce the vehicle, the 
vehicle did not roll over, and there were no serious injuries (fatalities or A-type injuries). 
TOTAL 
12.0 
27.8 
28.7 
0 
0 
0 
31.5 
61.1 
TABLE H4. SEVERITY OF END-OF-GUARDRAIL COLLISIONS BY TYPE OF 
END TREATMENT {INTERSTATE AND PARKWAY DATA) 
Number of Collisions 
Number of Fatal Accidents 
Percentage A-type Injury and 
Fa tal Collisions 
Severity Index 
TYPE OF END TREATMENT 
BLUNT BURIED TOTAL 
75 108 183 
8 6 14 
38.7 17.6 26.2 
5.09 3.14 3.94 
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TABLE HS. VEIDCLE REACTION8 AS A FUNCTION OF THE NUMBER OF LANES CROSSED 
(INTERSTATE AND PARKWAY DATA) 
VEHICLE REACTION IN PERCENT 
NUMBER OF LANES NUMBER FAVORABLE REBOUNDED JUMPED THROUGH 
CROSSED BEFORE OF COLLISIONS OUTCOMEb ACROSS ROAD GUARDRAIL GUARDRAIL 
COLLISION OR MEDIAN 
None 445 47.6 !9.3 9.9 1.8 
Ooe 276 47.1 17.0 11.9 2.2 
Two or More 176 44.9 11.9 18.2 3.4 
Total (All Hits) 897 46.9 17.2 12.2 2.2 
aDoes not include collisions with guardrail end. 
bA favorable outcome of a collision is one in which the vehicle did not rebound entirely into the traffic 
stream, there were no serious injuries (fatalities or A-type injuries), and the vehicle did not go over 
or through the guardrail. 
TABLE H6. SEVERITY OF GUARDRAIL COLLISION• AS A FUNCTION OF THE NUMBER 
OF LANES CROSSED {INTERSTATE AND PARKWAY DATA) 
NUMBER OF LANES NUMBER OF NUMBER OF PERCENT AGE A- SEVERITY 
CROSSED BEFORE COLLISIONS FATAL INJURY AND FATAL INDEX 
COLLISIONS COLLISIONS COLLISIONS 
None 445 15 8.8 2.45 
One 276 6 9.4 2.55 
Two or More 176 7 22.2 3.54 
Total (All Hits) 897 28 11.6 2.68 
aDoes not include collisions with guardrail end. 
TAIILE H7. COMPARISON OF HEAVY TRUCK GUARDRAIL COLLISIONS WITH OTHER 
VEHICLE COLLISIONS (INTERSTATE AND PARKWAY DATA) 
VEHICLE REACTION IN PERCENT 
VEHICLE NUMBER OF THROUGH JUMPED STRADDLED 
TYPE COLLISIONS1 GUARDRAIL GUARDRAIL GUARDRAIL 
Heavy Truckc 122 14.8 10.7 21.3 
Passenger Car 
and Light Truck 775 0.3 12.4 7.9 
8Does not include collisions with guardrail end. 
b A favorable outcome of a collision is one in which the vehicle did not rebound entirely into the traffic 
stream, there were no serious injuries (fatalities or A-type injuries), and the vehicle did not go over 
or through the guardrail. 
Ofhe great majority of these were tractor-trailer, but a few were single-unit heavy trucks. 
REBOUNDED 
OFF GUARDRAIL 
18.0 
41.7 
FAVORABLE 
OUTCOMEb 
51.7 
46.2 
TABLE HS. VEHICLE REACTION AFTER IMPACTING CONCRETE MEDIAN 
BARRIER WALL (I 75 IN NORTHERN KENTUCKY) 
VEHICLE REACTION 
Rebounded off Median Barrier Wall 
Not into road 
Partially onto road 
Onto road 
Across road 
Slide to stop or came to 
rest along median barrier 
Rolled over 
Rotated along median wall 
(did not rebound into traffic) 
NUMBER OF 
OCCURRENCES 
I 
3 
II 
4 
38 
4 
SEVERITY 
INDEX 
1.00 
1.00 
2.55 
1.62 
2.22 
5.88 
1.00 
SEVERI1Y 
INDEX 
2.95 
2.64 
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EXCERPTS FROM 
EXPERIMENTAL INSTALLATIONS OF ATTENUATION DEVICES 
by 
B. S. Sira, W. M. Seymour, D. L. Cornette, and J. L. Miller 
Research Report 308 
Division of Research 
Kentucky Department of Highways 
May 1971 
From a survey of the interstate system in 
Kentucky, 26 gore sites were found to be eligible for 
safety improvements. Energy absorbing barriers have 
been installed at five. Barriers are planned at 11 sites; 
seven sites have been contour graded; and three sites 
have been dismissed from consideration. 
HI·DRO Cushions and Fitch Inertial Barriers were 
found to be effective crash cushions. HI·DRO Cushion 
maintenance costs per impact were less than those for 
Fitch Inertial Barriers; however, initial costs of materials 
and installation were higher. The HI·DRO Cushion is 
generally more adaptable to narrow and relatively short 
areas than either the Fitch Inertial Barrier or the Steel 
Crash Cushion. Desirability of redirectional capabilities 
is dependent upon site geometries, traffic volumes, and 
speeds. 
If there is no feasible alternative, installation of an 
impact attenuating device is advocated in terms of 
warrants. 
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TABLE H9. 
SUMMARY OF THE PRESENT STATUS OF EACH SITE 
SITES CONSIDERED FOR BARRIER INSTALLATIONS 
I. Campbell County; I 471 - Stb Street Interchange, Gore at Ramp ''L". 
2. Jefferson County; I 64 (Riverside Expre~ay) • 9th Street interchange: 
(a) Gore at Ramp 3 
(b) Gore at Ramp 4 
(c) Gore between Ramps I and 2A 
3. Jefferson County; Kermedy Interchange (I 71 · I 64 • I 65): 
(a) Southbound secondary gore between Ramps 4 and 8 
(b) Northbound secondary gore between Ramps 3 and 6 
(c) Mainline exit northbound 
{d) Mainline exit southbound 
4. KP-nlon County; I 275 · US 25 & US 42 interchange, Gore between Ramps A and C 
5. Jefferson County; Jefferson Freeway . Westport Road interchange. Gore at Ramp 5 
6. Jefferson County, I 264 Shively Interchange with US 3JW: 
(a) Gore at Bridge No. 7 
(b) Gore at Ramp No. 7 
7. Kenton County; I 75 · Fifth Street Interchange, Gore at southbound exit ramp 
8. Franklin County; I 64 - US 127 interchange: 
(a) Gore at westbound exit from I 64 to US 127 
(b) Gore at eastbound cx.it from I 64 to US 127 
9. Shelby County; I 64 · KY 395 interchange, Gore at eastbound exit from I 64 to KY 
395 
10. Fayette County; I 75 · US 25 & US 421 interchange, Gore at northbound cx.it from I 
75 to US 25 and US 421 
11. Whitley County, I 75 - US 25 interchange 
(a) Gore at southbound cx.it from I 75 to US 25 
(b) Gore at northbound cx.it from I 75 to US 25 
12. Jefferson County; I 65 · Chestnut Street interchange, Gore at northbound exit from I 65 
to Chestnut Street 
1 J. Jefferson County; I 65 . St. Catherine Street interchange, Gore at southbound exit from 
I 65 to St. Catherine Street 
14. Jefferson County; I 64 · I 264 (New Albany) interchange, northbound directional split 
from I 264 to I 64 
15. Jefferson County; I 64 · 3rd Street interchange, Gore at westbound exit from I 64 to 
3rd Street 
16, Jefferson County; Riverside Expressway- 22nd Street interchange, Gore at eastbound exit 
from Riverside Expressway to 22nd Street 
17. Campbell County; I 471 ·I 275 interchange, Gore between I 471 "tOUthbound and Ramp 
on I 275 
18. Madison County; I 75 · US 25 interchange, Gore at southbound exit from I 75 to US 
25 (LOOp to Richmond) 
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PRESENT STATUS 
Fitch Barrier planned 
Fitch Barrier planned 
Fitch Barrier planned 
HI-DRO Cushion planned 
HI·DRO Cushion was installed in Sept., 1970 
HI·DRO Cushion was installed in Sept., 1970 
Fitch Barrier was Installed on Aug 13-14, 1970 
H1-DRO Cushion planned 
Has been contour graded 
Has been contour graded 
Has been contour graded 
Fitch Barrier planned 
Fitch Barrier was installed on Nov. 5, 1970, 
HI-DRO Cushion replaced Fitch Ba11icr on Oct. 10, 1972 
Has been contour graded 
Has been contour graded 
Dismissed from consideration 
Has been contour graded 
Dismissed from consideration 
Dismissed from consideration 
Steel Crash Cushion planned 
Barrier planned-type has not been selected 
Fitch Barrier was installed on July 2, 1971 
Barrier planned ~- type has not been selected 
Modifications to be made to gore area; 
Steel Crash Cushion planned 
Fitch Harrier planned 
Has been , contour graded 
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EXCERPTS FROM 
BEFORE-AND-AFTER ANALYSIS OF SAFETY IMPROVEMENTS 
ON I 75 IN NORTHERN KENTUCKY 
SECTION BOUNDARIES 
Buttermilk Pike - Dixie 
Highway Interchange 
Dixie Highway - Kyles 
Lane Interchange 
Kyles Lane - 12th Street 
Interchange 
12th Street - 5th Street 
Interchange 
5th Street - Ohio State 
Line 
Overall Study Section 
Buttermilk Pike - Dixie 
Highway Interchange 
Dixie Highway - Kyles 
Lane Interchange 
Kyles Lane - 12th Street 
Interchange 
12th Street - 5th Street 
Interchange 
5th Street - Ohio State 
Line 
Overall Study Section 
by 
J. G. Pigman and D. L. Cornette 
Research Report 344 
Division of Research 
Kentncky Department of Highways 
November 1972 
TABLE HlO. 
ACCIDENT RATES 
(ACCIDENTS/I 00 MVM) 
MAINLINE AND RAMPS 
CATEGORIES I AND II 
BOTH DIRECTIONS 
MAINLINE ONLY 
CATEGORIES Ill AND IV 
BEFORE AFTER PERCENT BEFORE AFTER PERCENT 
DIFFERENCE DIFFERENCE 
103 143 38.8 95 134 41.1 
193 221 14.5 144 197 36.8 
392 324 ·I 7.3 360 268 ·25.6 
373 304 ·18.5 345 280 ·18.8 
642 544 ·15.3 508 441 . 13.2 
303 276 8.9 266 238 . 10.5 
NORTHBOUND DIRECTION 
MAINLINE AND RAMPS MAINLINE ONLY 
CATEGORIES V AND VI CATEGORIES VII AND VIII 
129 177 37.2 107 165 54.2 
265 254 . 4.2 193 221 14.5 
493 377 ·23.5 457 336 . 26.5 
486 380 ·21.8 452 370 . 18.1 
698 523 ·25.1 619 427 . 31.1 
379 318 ·16.1 336 286 . 14.9 
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TABLE Hll. ACCIDENTS INVOLVING FIXED OBJECTS 
BEFORE AFTER 
ROAD SURFACE LIGHT OBJECT 
CONDITION CONDITION HlT NUMBER PERCENT·~ NUMBER PERCENT 
DRY DAYLIGHT GUARDRAIL 10 19 2 3 
MEDIAN WALL 0 0 8 II 
LIGHT POLE 3 6 4 s 
MEDIAN G'RAIL 2 4 0 0 
BRIOCE PIER I 2 0 0 
FITCH BARRIER 0 0 
MISCELLANEOUS I 2 6 8 
SUBTOTALS 17 33 21 28 
DRY DARK GUARDRAIL 4 7 4 s 
MEDIAN WALL 0 0 s 7 
LIGHT POLE 2 I I 
MEDIAN G'RAIL I 2 0 0 
FITCH BARRIER 0 0 3 4 
SIGN 2 I I 
BRIDGE PIER 2 0 0 
MISCELLANEOUS 0 0 4 
SUBTOTALS 8 IS 18 23 
DRY DAWN OR DUSK GUARDRAIL 3 6 
MEDIAN WALL 0 0 
LIGUT POLE I 2 0 0 
FITCH BARRIER 0 0 I I 
BRIDGE RAIL I 2 0 0 
SUBTOTALS s 10 3 3 
WET DAYLIGI-IT GUARDRAIL 9 17 
' 
3 
MEDIAN WALL 0 0 9 12 
LIGHT POLE 2 0 0 
MEDIAN G'RAIL 2 4 0 0 
BRIDGE RAIL 2 0 0 
SUBTOTALS 13 2S II IS 
WET DARK GUARDRAIL 3 6 s 7 
MEDIAN WALL 0 0 s 7 
MEDIAN G'RAIL 2 0 0 
SIGN 2 0 0 
FITCH BARRIER 0 0 
MISCELLANEOUS 2 4 I 
SUBTOTALS 7 14 12 16 
WET DAWN MISCELLANEOUS 0 0 I 
SNOWY OR ICY DAYLIGHT GUARDRAIL 2 4 2 3 
FITCH BARRIER 0 0 
MEDIAN WALL 0 0 
MISCELLANEOUS 0 0 
SUBTOTALS 2 4 7 
SNOWY OR ICY DARK GUARDRAIL 4 0 0 
SIGN 0 0 
LIGHT POLE 0 0 
SUBTOTALS 2 4 2 
SNOWY OR ICY DAWN LIGHT POLE 0 0 
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EXCERPTS FROM 
MEDIAN DESIGN AND ACCIDENT HISTORIES 
by 
G. R. Garner 
Research Report 293 
Division of Research 
Kentucky Department of Highways 
April 1970 
OBJECTIVES AND SCOPE OF STUDY 
The purpose of this study was to provide 
information concerning the accident histories of various 
median types to verify minimum requirements for width 
and cross section. Previous accident studies failed to 
disclose significant relationships between median width 
and accident rates. Those studies did not recognize or 
control several important variables that were controlled 
in the present study. The efforts here are to compare 
median types on rural, four-lane, fully controlled access 
facilities with similar geometries other than median 
types. An attempt was made to account for some of 
the variability in the accident data. Thus, this study gives 
information on the operational performances of several 
medians and offers persuading analyses with respect to 
the design or styling of medians. 
CONCLUSIONS AND RECOMMENDATIONS 
The purpose of this study was to compare the 
accident histories of different median types and to 
provide verification of generally recommended minimum 
widths and slopes. The major limitation of this analysis 
is the small number of possible combinations of median 
width and cross slope available for study. For example, 
only one width of median with a 4: l side slope was 
available for inclusion in the sample. The individual 
effects of width and cross slope were therefore not 
determined. However, all combined effects evident in 
the results of this analysis support the contentions from 
previous research that wider, flatter medians are safer. 
1. This analysis provides documentary evidence 
from accident histories to support the reasonably known 
and intuitively presumed rule that wider medians are 
safer medians. It implies that medians should be 
minimum of 30-40 feet wide for high speed facilities. 
2. Factual support is provided for previous research 
conclusions which indicate that flat slopes should be 
provided; 4: l slopes are inadequate. For medians less 
than 60 feet wide, there is sufficient cause to use 6:1 
or flatter slopes. Specifically, 36-foot medians, such as 
have been used on Kentucky's toll roads, should have 
6: I or flatter slopes, even though this will require some 
special drainage considerations. 
3. Raised medians provide an unsuitable vehicle 
recovery area on rural highways and are undesirable 
from the standpoint of roadway surface drainage. The 
use of curbed, raised medians in urban areas should be 
re-examined as the deficiencies of raised medians 
apparent in this study may be applicable. 
4. The irregular interstate medians which result 
from independent roadway alignment design should be 
used only with adequate clear zones in the median. 
Twelve-foot shoulders should be provided where 
guardrail is to be used. 
This study, because similar roadway environments 
allowed the effects of median type to be separated and 
analyzed effectively, has conclusively justified the 
premise that providing a clear, gently sloping, 
off-the-road environment is one of the best ways to 
reduce accidents and accident severity on modern 
divided highways. 
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TABLE Hl2. STUDY ROAD SECTIONS 
Width of Speed Pavement Pavement Width of 
Length Median Access Limit Width Cross Slope Outside Shoulders 
Road (Miles) Type of Median (Feet) Contra (MPH) (Feet) Inches/Foot) (Feet) 
I 64, Clark County 35 Depressed 60 Full 70 24 3/16 12 
I 64, Shelby County 12 D~pressed 60 Full 70 24 3/16 12 
I 64, Franklin 
County 17 Irregular Varies Full 70 24 3/16 12 
I 65, Hardin County 27 Depressed 60 Full 70 24 3/If. 12 
I 6 5, Simpson 
County 26 Depressed 60 Full 70 24 3/16 12 
I 75, Scott C:ounty 19 Irregular Varies Full 70 24 3/16 12 
Kentucky Turnpike 39 Raised 20 Full 70 24 3/16 12 
Western Kentucky 
Turnpike 127 Raised 30 Full 70 24 3/16 12 
Mountain Parkway 43 Deeply Depressed 36 Full 70 24 3/16 12 
Bluegrass Parkway 75 Deeply Depressed 36 Full 70 24 3/16 12 
76 
100 
w 
~ 
0::: 80 
1-
z 
w 
0 60 0 
0 
<! 
_j 
<! 40 1-
0 
1-
20 
0 10 
0 
8 
0 
20 30 
· o = RAISED • MEDIANS 
411 =DEEPLY DEPRESSED 
MEDIANS 
()=INTERSTATE MEDIANS 
40 50 
WIDTH OF MEDIAN -feet 
Figure Hl. Total Accident Rate Versus Median Width 
() 
() 
() 
() 
a 
60 
77 
28 
0 
o =RAISED MEDIANS 
26 0 
e =DEEPLY DEPRESSED 
MEDIANS 
w 24 <J =INTERSTATE MEDIANS 1-
<( 
a::: 2 2 
)- I (J 1- 20 0 (J 
a::: 
w 0 (J 
> 0 
w $ CJ) 
0 (J 
1-
z 14 • 
w (J 
Cl 
0 • (J 
0 0 
<( 
....J 
~ 8 
0 
1-
• (J 6 
4 !» 
(J 
2 
0 10 20 30 40 50 60 
WIDTH OF MEDIAN -feet 
Figure H2. Total Accident Severity Rate Ver.;us Median Width 
78 
100 
80 
w 
t 
0:: 
1- 60 
z 
w 
0 
(.) 
(.) 
<! 40 
20 
w 
li 
"' w f-- li z 
w 
"' 0 0 f--
'-' z 
<t w 
0 
'-' 
'-' 
<t 
164 
CLARK 
REGULAR MEDIANS IRREGULAR MEDIANS 
164 I 65 I 65 164 I 75 
SHELBY WARREN HARDIN FRANKLIN SCOTT 
ROAD NAME AND LOCATION BY COUNTY 
< 
Figure H3. Total and Median Accident Rates for Interstate Medians 
79 
80 
3 
2 
w 
20 
~ 
0:: 
>-
1-
0:: 
w 
> 
w 
(/) 10 
5 
w 
1-
<t 
a: 
>-
1- w a: 1-w <t 
> a: w 
<f) 
>-
1- 1-
z a: w 
0 w 
> (.) w (.) <f) 
<t 
1-
z 
w 
0 
164 
CLARK 
REGULAR MEDIANS 
I 64 
SHELBY 
165 165 
WARREN HARDIN 
IRREGULAR MEDIANS 
I 64 I 75 
FRANKLIN SCOTT 
ROAD NAME AND LOCATION BY COUNTY 
Figure H4. Total and Median Accident Severity Rates for Interstate Medians 
APPENDIX I 
PROCEDURE FOR ESTIMATING REDUCTION OF WET-PAVEMENT 
ACCIDENTS AFTER DESLICKING 
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PROCEDURE FOR ESTIMATING REDUCTION OF 
WET-PAVEMENT ACCIDENTS AFTER DESLICKING 
A procedure for priority ranking pavements, based 
on estimated reduction of wet~pavernent accidents after 
deslicking, was developed during 1977. However, before 
reduction of wet-pavement accidents after deslicking 
may be estimated, the relationship between the ratio 
of wet- to dry-pavement accidents and skid number must 
be known. Figure II illustrates the relationship 
determined for tyvo-lane, iural roads based on tests 
during 1970. The procedure assumes that deslicking 
improves the skid resistance to at least the critical skid 
number ( 43 in this case) and that the number of 
dry-pavement accidents does not change after deslicking. 
To increase the accident data base, the procedure was 
developed to use the total number of accidents 
(excluding those occurring in snow or on ice) in the 
calculations. 
In the equations to follow, the upper case letters 
pertain to before deslicking and the lower case to after 
deslicking. Definitions are as follows: 
R, r -- ratio of wet- to dry-pavement 
accidents, 
W, w -- number of wet-pavement accidents 
per year, 
D, d -- number of dry-pavement accidents 
per year, and 
T, t -- total number of accidents per year 
(excluding ice and snow). 
The solution desired was W - w, which is the reduction 
of wet-pavement accidents after deslicking. Thus, 
W-w RD- rd. 
Since D d, then 
W-w RD - rD = (R - r) D. 
Also, since R = (T - D)/D or T = RD +D, then 
D T/{1 + R). 
Combining the above equations, 
W-w T{R - r)/{1 + R). 
This procedure requires the number of accidents 
per year (excluding those occurring on snow or ice) 
before deslicking, the ratio of wet- to dry-pavement 
accidents before deslicking, and the ratio of wet- to 
dry-pavement accidents after deslicking. The number of 
accidents can be determined for each section from the 
computerized, state police accident records. The ratios 
can be determined from the relationship between ratios-
and skid number (R = f{SN)) determined for the 
roadway system being evaluated. 
The procedure was used during 1977 to priority 
rank some non-interstate roads. For these roads the 
relationship illustrated in Figure II was used. The 
relationship for skid numbers less than 43 was R = 0.928 
- 0.016 SN and r = 0.25. Substituting into the above 
equation gives 
W - w = T(0.678 - 0.016 SN)/(1.928 -0.016 
SN). 
A portion of the table resulting from these analysis is 
presented in Figure !2. 
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Figure 12. Test Sections for 1977. 
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INTERSTATES AND PARKWAYS 
Number of Bridges -- As of the end of the study 
period (1973) there were approximately 350 overpasses 
and 360 underpasses on the interstate and parkway 
system. Dual bridges were counted as one. About 35 
percent of the overpasses had full-width shoulders. From 
accident reports, it was found that approximately ten 
percent of the overpass accidents occurred on those 
overpasses which had full-width shoulders. Ninety-eight 
percent of the underpasses had a pier in the median. 
The average clearance to the median pier (measured 
from the left edge of the roadway) was slightly over 
19 feet (5 meters). This average is somewhat invalid 
inasmuch as it combines the normally wider medians 
of interstate routes (usually 60 feet (18 meters)) with 
narrower and variable medians among the toll roads. The 
desirable clearance from the right-hand edge of the 
roadway to the shoulder pier should be 30 feet (9 
meters). This was the case for only about eight percent 
of the underpasses. The average lateral clearance 
rightward was slightly more than 14 feet (4 meters). 
Number of Accidents -- A summary of interstate 
and parkway accidents is given in Table Ji. Almost eight 
percent of all accidents involved bridges. Of the 438 
accidents involving bridges, only 31 involved 
underpasses. Over 14 percent of all fatal-type accidents 
involved bridges while over I 7 percent of all fatalities 
involved bridges. Over eight percent of the injuries were 
in accidents involving bridges. These percentages show 
that bridge-related accidents comprise a significant 
portion of the total accident experience and a significant 
portion of the more severe accidents. The severity index 
of bridge-related accidents was 3.24 compared to 2. 75 
for all accidents. 
\ Types of Accidents -- A summary of the types of 
accidents and their severity is given in Table J2. 
Discussions of each type of accident follow. 
Collision with Bridge Pier -- This type of accident 
resulted in six fatalities during the two-year study 
period. Five of the fatalities occurred where there was 
no safeguard about the piers. Of 14 accidents involving 
bridge piers, there were three fatal, nine injury, and two 
non-injury accidents. Severity was reduced significantly 
when the pier was shielded with guardrail or an earth 
mound. A very limited number of accidents involved 
earth mounds. Two reported accidents at earth mound 
locations were non-injury. (Note: Very recently, an 
automobile struck the front end of an earth mound at 
the north end of the Pennyrile Parkway, vaulted into 
the air and impacted the median pier; there was one 
fatality.) Accidents involving guardrails at bridge piers 
indicated there are some continuing problems with this 
method of diverting vehicles away from bridge piers 
because of ineffective guardrail end treatment. Of the 
II accidents involving guardrails at bridge piers, there 
were one fatal and six injury accidents. In the fatal 
accident, the vehicle mounted the approach end of the 
guardrail, became airborne, and impacted the shoulder 
pier. In another accident involving a severe injury, the 
vehicle became airborne and hit the center pier. In two 
other accidents, vehicles hit the shoulder pier after first 
mounting the end of the guardrail and then going over 
the guardrail. In the remaining severe-injury accident, 
the vehicle hit the guardrail ahead of the center pier 
and overturned. In the remaining six accidents, the rail 
prevented vehicle penetration. 
Gap Between Bridge Openings -- Of five accidents 
involving a wall built to close the gap, there were three 
fatal-type (resulted in eight fatalities) and two 
injury-type accidents. Bushes had been planted ahead 
of the wall to retard encroaching vehicles at two of the 
accident locations, but one of the two accidents at those 
locations still resulted in a fatality. 
Guardrails ahead of the gap were found to be only 
partially effective; the newer and longer rails are much 
better than the short sections previously used. Of a total 
of 15 accidents, there were six fatal accidents (11 
fatalities) involving guardrails. In five of the fatal 
accidents, the vehicle went over the guardrail; in one 
instance, the vehicle went around the guardrail. The 
guardrail completely stopped the vehicle from going 
through the gap in only five cases, and these cases 
involved the newer design. 
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Collision with Entrance Posts and Wing Walls - Of 
29 accidents, there ':"ere nine fatal (nine fatalities), 16 
injury, and four non-injury accidents. Twelve of the 
accidents involved collision with the right-hand entrance. 
At all of these twelve locations, the shoulder narrowed 
at the bridge. Only two of the remaining 17 accidents, 
which involved the left-hand entrance, involved a bridge 
which had a full-width shoulder. Light and visibility 
conditions appeared to be a contributing factor. Only 
nine of the 29 accidents (and one of the nine fatal 
accidents) occurred during daylight. Three of the 
nighttime fatal accidents were attributed to the driver 
going to sleep. The high severity of accidents involving 
upstanding, unyielding objects such as the end of a 
bridge rail or wing wall would be expected. In the 
majority of locations where guardrail was provided, it 
was not attached to the bridge to prevent "pocketing". 
In the newer installations, the guardrail is attached and 
should reduce severity of these accidents. 
Collision with Bridge Railing or Curb -- This was 
the most frequent type of accident and was a 
low-severity type. The majority of these accidents (60.8 
percent) occurred during inclement weather. The railing 
design appeared structurally adequate; only three 
accidents (one fatality) involved a vehicle going through 
or over the railing. These three accidents (2.4 percent 
of the total of this type) involved a semitrailer, bus, 
and sedan. The curb and safety walk combination, 
formerly a design standard, did not provide good 
redirectional·qualities. The only other severe accidents 
resulted when a vehicle was involved in a collision with 
another vehicle as well as the bridge. 
Collision with Bridge Railing and Guardrail -- A 
high percentage of these accidents occurred during icy 
or wet conditions (43.3 percent). The average severity 
was not high. There was only one fatal accident which 
resulted when the driver was thrown from his vehicle 
when it overturned after striking a guardrail. 
Collision with Guardrail -- Most of these accidents 
involved a driver losing control of his vehicle on an icy 
bridge and then striking a guardrail. Icy or wet 
conditions were a factor in 80.2 percent of the 
accidents. In three accidents, the driver lost control after 
hitting the "bump" at the end of the bridge. In the 
only fatal accident, the driver was thrown from his car. 
Collision with Another Vehicle -- Inclement 
weather conditions was a factor in 58.4 percent of this 
type of accident. Wet-road conditions were the cause 
of the only fatal accident. Lack of room was mentioned 
on some of these accident reports; the driver could not 
avoid another vehicle because the bridge was narrow. 
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Did Not Hit Bridge, Guardrail, or Vehicle -- In this 
type of accident, drivers lost control and proceeded 
ahead and into the median or off the shoulder. Icy 
conditions existed in 79.4 percent of these accidents. 
Roadway and Enviromnental Conditions -- The 
road character, road surface, and light conditions 
associated with bridge-related accidents are presented in 
Table J3. The percentages of these accidents were 
compared to all accidents on the interstate and parkway 
system. The percentage of accidents related to road 
character was very similar to that found for the total 
system. However, differences were found for road 
surface and light conditions. The percentage of accidents 
which occurred during snowy or icy conditions (45.7 
percent) was considerably higher than that for the total 
system (17 percent). Also, the percentage of 
non-daylight accidents (53.5 percent) was above the 
corresponding percentage for the entire system (40 
percent). The percentage of non-daylight accidents 
which involved icy conditions (64.5 percent) was above 
that of all bridge-related accidents which shows that the 
problem of ice-related accidents is greater at night. 
The total accident costs associated with snowy or 
icy conditions and (or) the economic benefits of 
eliminating snow and ice were computed from the 1973 
National Safety Council's average accident costs; there 
were 134 property-damage-only accidents at $500, 113 
injuries at $3400, and two fatalities at $82000. This 
yields $615,200 or a cost of about $300,000 annually. 
Attempts to alleviate the hazards from ice on 
bridge decks with warning signs have been moderately 
successful. Investigation of three locations where "Ice 
on Btidge" signs were placed as part of the high accident 
location and spot improvement program indicated some 
accident reduction. Seven icyMcondition accidents the 
year before placement of the signs reduced to two the 
year after. However, icyMcondition accidents have 
continued to occur at two of the locations in the 
succeeding years. Flashing "Ice on Bridge" signs, 
activated by detectors in the bridge decks, have been 
installed at two locations. Problems with the detectors 
have made operation undependable -- one is now being 
activated manually. Accidents during icy conditions have 
continued to occur at these locations in spite of the 
flashing signs. 
High Accident Location Bridges -- To determine if 
there were any bridges which have had a particularly 
high/accident experience, sites were ranked according 
to "number of occurrences (Table J4). A high accident 
bridge was defined as one which had seven or more 
accidents in the two~year study period. Nine locations 
met this criteria. These locations had a total of Ill 
accidents of which 58 (52.3 percent) were at night and 
71 (64.0 percent) during icy conditions. All locations 
were overpasses, and none had full-width shoulders. 
Only one of the bridges was located on a curve, but 
there was a grade approaching five of the locations. 
The main similarity between the accidents on these 
bridges was the existence of icy conditions. The 
accidents had a low severity (SI ~ 2.24 ); most of them 
involved loss of control on an icy bridge and hitting 
the railing or guardrail. A few severe injury accidents 
resulted from hitting the entrance end of the safety rail 
or another vehicle after losing control on the ice. There 
were no fatal accidents. The percentage of non-daylight 
accidents which involved icy conditions (78.6 percent) 
was above the corresponding percentage for all 
bridge-related accidents. This might indicate that those 
bridges are unusually susceptible to icing at night. 
A unique situation which may not be directly 
related to the bridge was found at the Salt River 
overpass on I 65 (Kentucky Turnpike). A toll plaza is 
located north of the bridge, and traffic sometimes backs 
up onto the bridge. This resulted in several rear-end 
collisions. The lack of a full-width shoulder on the 
bridge may have reduced the possibility of avoiding a 
collision. 
DISCUSSION, SUMMARY, AND 
RECOMMENDATIONS 
I. Bridge-related accidents were a significant 
percentage of the total accidents on interstates and 
parkways. 
2. The severity of bridge-related accidents was 
generally higher than the severity of all accidents. 
3. Collisions with entrance posts and wing walls 
resulted in more fatalities than other accidents 
involving other features of bridges. Lack of 
adequate shoulder width resulted in the large 
number of accidents. Where paved shoulders are 
provided, a means of alerting errant drivers by 
means of grooved sections or raised rumble strips 
on the shoulder in advance of the bridge would 
be desirable. 
4. The small percentage of accidents which occurred 
on overpasses having full-width shoulders illustrated 
the benefits obtained when this safety feature was 
added. 
5. Guardrail protection at bridge piers has proven less 
than totally effective. The recently adopted Median 
Breakaway Cable Terminal (MBCT) may alleviate 
this problem. A very limited accident experience 
involving earth mound piers emerged during the 
study period. Further use of earth in this way may 
be warranted. Energy absorbing barriers, such as 
Fitch Inertial Barriers or HI - DRO Cushions, 
provide another alternate. Another impact 
attenuating device consists of a steel drum crash 
cushion which smoothly transitions to a concrete 
median barrier. 
6. Openings between parallel bridges on divided 
highways are recognized hazards. When a wall is 
built , to close this gap, some type of arresting 
barrier is necessary; shrubbery has not proven to 
be sufficient. There were various types of 
shrubbery used, and obviously, some will be more 
effective than others. Guardrail protection was 
found to be only partially effective although the 
newer design, which involved a longer guardrail 
section, appears to be much more effective than 
previous designs. The guardrail should be at least 
200 feet (60 meters) long to minimize the 
likelihood of a vehicle running behind the guardrail 
into the drop-off between the bridges. Use of a 
chain:link fence vehicle-arresting system has been 
tested and could provide an alternate method of 
protection. Shubbery, mires, earth revetments, and 
crash cushions seem worthy of further 
consideration. 
7. The high percentage of nighttime accidents suggests 
a problem with visual perception of the structure 
ahead. Reflective paint on entrance posts and 
safety rails would provide improved nightitme 
visibility and has been used. Coatings as provided 
in Special Provision No. 99-A for concrete 
structures improve nighttime perception of the 
bridge. At locations where guardrails delineate the 
entrance, reflectorized paint or reflective 
delineators on the guardrail would alert drivers. 
Where paved shoulders narrow at overpasses, raised 
pavement markers placed on the shoulder in 
advance of the bridge may be an addition to the 
reflective paint. Several fatal accidents resulted 
when the driver fell asleep and hit the entrance 
post. The rumble effect of running over the 
markers could help this problem. 
8. There was an exceptionally high percentage of 
accidents which resulted from snowy or icy 
conditions. This is attributable to icing of the 
bridge decks. This commonly occurs on the bridge 
decks while the approach pavement remains 
ice-free. During the study period, accidents on 
interstates and parkways which occurred during 
snowy or icy conditions resulted in an accident cost 
of $300,000 annually. Attempts to alleviate the icy 
bridge problem by installing warning signs have 
been moderately successful. 91 
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TABLE Jl. INTERSTATE AND PARKWAY ACCIDENTS (1972 and 1973) 
Total Accidents 
Fatal Accidents 
Fatalities 
Injuries 
Severity Index 
ALL 
ACCIDENTS 
5728 
194 
239 
3937 
2.75 
BRIDGE-RELATED ACCIDENTS 
PERCENT OF 
NUMBER ALL ACCIDENTS 
438 7.6 
28 14.4 
41 17.2 
333 8.5 
3.24 
TABLE J2. INTERSTATE AND PARKWAY BRJDGE-RELATED ACCIDENTS (1972 and 1973) 
TYPE OF ACCIDENTS AND SEVERJTY 
NUMBER OF SEVERITY 
ACCIDENT DESCRJPTION ACCIDENTS INDEX 
Collision with Bridge Pier 27 5.65 
Unguarded Pier 14 7.00 
Guarded Pier 
Guardrail II 4.77 
Earth Mound 2 1.00 
Gap between Bridge Openings 20 7.32 
Hit Wall 5 8.30 
Hit Guardrail IS 7.00 
Collision with Bridge Entrance Post or Wing Wall 29 6.67 
Collision with Bridge Railing or Curb 125 2.16 
Icy Conditions 60 1.50 
Wet Conditions 16 1.78 
AJso Hit Vehicle 4 8.00 
Went Through or Over Wall 3 6.67 
Collision with Bridge Railing and Guardrail 30 2.85 
Icy Conditions 7 2.79 
Wet Conditions 6 1.83 
Collision with Guardrail 96 2.61 
Icy Conditions 67 2.55 
Wet Conditions 10 2.00 
Collision with Another Vehicle 77 2.90 
Icy Conditions 36 2.26 
Wet Conditions 9 3.33 
Did Not Hit Bridge, Guardrail, or Vehicle 34 3.53 
Icy Conditions 27 2.96 
TABLE J3. INTERSTATE AND PARKWAY BRIDGE-RELATED AND 
TOTAL ACCIDENTS (1972 and 1973) 
ROADWAY AND ENVIRONMENTAL CONDITIONS 
PERCENTAGE OF PERCENTAGE 
BRIDGE-RELATED OF TOTAL 
ACCIDENTS ACCIDENTS 
Level 55.8 57 
On Grade 42.7 41 
On Hill Crest 1.4 2 
Straight 83.1 85 
Curve 16.9 15 
Dry 35.4 62 
Wet 18.8 21 
Snowy or Icy 45.7 17 
Daylight 46.5 60 
Dusk or Dawn 7.3 4 
Dark 46.2 36 
TABLE J4. INTERSTATE AND PARKWAY IDGH-ACCIDENT BRIDGES8 
LOCATION 
ROUT! MP DESCRIPTION 
I 65 116.0 Salt River Oveqlilss 
I 65 I ~ll.l R~iiload Overpass 
I 75 97.7 Clay; Ferry Brid"e 
I 71 3~.4 Rail mall Overpass 
I 64 26./l Overpass 
I 75 30./l Laurel River Overpass 
I 75 135.2 Double Culvert Road 
Overpass 
I lA 54.0 Owrpa>; 
I 64 55_7 Kentucky l{ivcr Overpass 
Total; 
"Sevc11 · ur illlliC ancitlenll 
"' 
two year; (1'!72 ami 1973) 
TOTAL 
ACCIDENTS DARKNESS 
22 
' 16 
16 
I 3 9 
10 
9 4 
6 
6 
Ill 
" 
ICY 
CONDITIONS 
6 
5 
11 
I 3 
4 
71 
WET 
CONDITIONS Sl 
2.23 
4.06 
1.47 
0 1.38 
0 1.75 
2.78 
1.83 
2.69 
1.62 
17 2.24 
93 
94 
APPENDIX K 
DYNAMIC PROGRAMMING: SUMMARY OF 
COMPUTER PROGRAMS, LIST OF VARIABLES, AND 
CODING INSTRUCTIONS 
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PROGRAM MAIN 
C DATE: AUGUST 5,1974 MA!NOO!O 
C PROGRAMMeR: THIS PROGRAM WAS WRITTEN RY JESSE MAYES, DIVISION OF MA!NOOZO 
C RESEARCH, DEPT. OF TRANS.,COMMONWEALTH OF KY.,533 S. LIMESTONE ST., MA!N0030 
C LEXINGTON, KY. PARTS OF THF PROGRAM,!NCLUO!NG THE.DYNAM!C MA!N0040 
C PROGRAMMING ALGORITHIJM, HAVF BEEN ADAPTED FROM A PROGRAM WRITTEN BY MA!N0050 
C THE STATE OF ALABAMA HIGHWAY DEPT., BUREAU OF MA!NT., 1973. SEE MAJNOOAO 
C REPORT "CORRECT: COST/BFNFFIT OPTIMIZATION FOR THE RFIJIICTION OF ROADMA]N0070 
C ENVIRONMENT CAUSED TRAGEDIES''· MA]NOORO 
C PURPOSE: THIS PROGRAM CALCULATES COSTS AND BENEFITS FOR EACH MA!N0090 
C ALTERNATIVE AT EACH LOCATION THEN flETFRM]~IES THF OPTIMAL SOLUTION MA!N0100 
C SET OF ALTERNATIVES Tn BE IMPLEMENTED FOR A GIVEN RANGE OF BUDGETS. t•AIN0110 
C INPUT AND OUTPIJT: SEE DIVISION OF RESEARCH REPORT: ''OPTIMAL HIGHWAYMAIN01ZO 
C SAFETY IMPROVEMENTS BY DYNAMIC PROGRAMMING''• MA!N0l30 
DIMENSION DRETI64 0 40li 0 NDDI64,4D11 
DIMENSION T I Tl I 20 I , XLOC I 64, S I , NOE I 641 , C I 64, 111 , R I 64, 111 oLOC I 641 
NINP = 401 
C NINP = NUM.RER OF INCRE~ENTS---MAXIMUM BUDGET EQUALS NINP*XINC 
NLDC = 64 
C NLOC = MAXIMUM NUMBER OF LOCATIONS 
INN = o 
IDUTPR = 6 
C INN, IOIJTPR = LOCAL INPUT AND OUTPUT DeVICE NIIMBERS 
READ I INN,10001 TITL 
1000 FORMATI20A41 
WR!TFI IOUTPR,1010I Till 
101D FORMAT 120X,20A4/////I 
READIINN,\0201 NSTG,XINC,Kl,KZ 
1020 FORMATI·Tlo !4,T5,F6,0 0 Tll ,2141 
CALL COSAEN(C,A 9 XLOC,LOC,NDE,NSTG,NLOC 9 XINC,If\IN,IOtJTPR 9 KIK) 
IFIKIK.EQ.11 GO TO 10 
CALL DYNAM{C 9 B,LOC,XLOC,NDE,NSTG,XINC,Kl,K2,NINP,NLOC, 
+ ORFT,NOD,!OUTPRI 
10 CONTINUE 
CALL FXIT 
END 
MA If\10140 
MAIN01SO 
MA!NDlhO 
MAIN0170 
MAINO lAO 
MA!N0\90 
MAJM0200 
MA!NOZ!O 
MA!N0220 
MA!N0230 
MA]N0240 
MAINO? SO 
MAIN0200 
MAIN0270 
'¥IN02RO 
M'\1 N0290 
MAIN0300 
MA I N031 0 
MA!N0320 
MA!N0330 
MA]N0340 
MA!N03SO 
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SUBROUTINE COSBEN 
SIJBRnltT I NE CnSAEN { PWC, PWA, XLOC, LOC, 1\!0E, NS TG,NLOC, X INC, INN, IniiTPR, C:OSROOJ 0 
+ K IK) COSROO?O 
C THIS SIIBROUTINE CALCULATES PRESENT WORTH COSTS AND BENEFITS COSR0030 C ASSOCIITFO WITH EACH ALTERNATIVE AT EACH LOCATION COSB0040 
DIMENSION XLOCINLOC,5l,SEV(4,Rl,CSEFI!O,lll,B(8), COSBOOSO 
+ NDEINLOC),PWCINLOC,ll),PWAINLOC,lll,LOCINLOCl COSH0060 
REAO(INN,lOOOI CFAT,CINJ,CPOO,RATEIN,RATE~R COSR0070 
1000 FORMAT IBFIO,O) COSBOORO 
WR!TFI!OIJTPR,!OlO) CFAT,CINJ,CPOO,RATEIN,RATEGR COSROogo 
1010 FORMAT( 1 f\IEG UTILITY FATALITY=' 9 F7.,0 9 1 IN.JtlRY= 1 ,F6.,0, t PRP OM=' COSROl(lO 
+,F5.0/ 1 INTEREST RAT~= 1 9 F5.3/ 1 EXPONENTIAL GROWTH RATF · 1 ,F5.3/COSROllO 
+////) COSRD12n 
r THE ABOVE READS AND PRINTS THE BASIC PARAMETERS CONSTANT FOR THE COSR0[30 
C ENTIRE PROGRAM CDSBOl40 
J\ll)MRFR = 1 COS!-101'1() 
KIK = 0 CDSRD160 
C BELOW IS THE INPUT WHICH IS EXECIJTEO FOR EACH ACCIDENT LOCATION, COSROl70 
10 READ(INN,lO~O) NOl,IXLOC(J\IIJMBER,J),I=l,5l,TIMEtNMn,NYR,NCAU COSROlRO 
1020 FORMAT( I4 9 5A4,47X, F4.,0, 12, 12, Il I COSROlqn 
LOCI NIIMBER) = NO! COSR0200 
!F(NOl)20,lRO,?O COSH0210 
20 CONTINUE COSROZZ n 
WR!TF(!OUTPR,l030) 
1030 FORMAT(lHl) 
WR!Tf'l IOUTPR, 1040) 
1040 FORMAT(' REF NO') 
IFINCAIJ.EQ,[) GO TO 30 
WR I T F ( IOU T P R , 1 05 0 l NO 1 9 ( X UlC ( NlJM R F R , I ) , I = 1 , " l , TIME , NMO, NY R 9 NC AU 
1050 FORMAT(3X, J4,8X 9 5A4 9 //9X, 'ACCIDENT HISTORY 1 ,F4.2, 
+ 1 YEARS. MONTH 1 9 12,•,YF.AR 1 ,12,•, 1 9 11 9 ' CAliSE. 1 ) 
GO TO 40 
30 WR!TFIIOUTPR 0 1060) NOl,IXLOCINUMBFR,!),l=l,<;),TIME,NMO,NYR,NCAll 
1060 FORMAT(3X,I4,RX,5A4,//9X, 1 ACCinENT HISTORY 1 ,F4.2, 
+ 1 YFARS. MONTH 1 ,12 9 1 ,YEAR 1 ,12,•, 1 9 11 9 ' CAUSE. 1 ) 
40 CONTINUE 
C SECOND CARD INPUT FOR EACH CRITICAL LOCATION (SEVERITIES), 
coSH023n 
COSR0240 
COSROZ'iO 
COSR026D 
COSB0270 
COSRO?RO 
COSR0290 
COSR0300 
COSA0310 
COSR03?0 
COSR0330 
COSB0340 
COSR03SO 
COSA0360 
COSA0370 
COSR03RO 
COSB0390 
COSB0400 
COSA0410 
COSB0420 
COSA0430 
COSB0440 
COSA04SO 
COSB0460 
CDSB0470 
COSH04RO 
coSR049n 
COSBO'iOO 
COSR0510 
COSAO'i20 
COSBOS30 
COSBOS40 
COSRO'i'iO 
COSAD'i60 
COSBO'i70 
COSBO'iBO 
COSRO'i90 
COSR0600 
REA 0 I INN , l 0 7 0) N02, I I S EV I I , J ) , J = l , 4 ) , I= l , NO IJ ) , A L T 
1070 FORMAT I !4,3RF2.0) 
~IAL T=AL T /10,+,1 
NOE(NIIMBER) = NALT 
C ROIIT!NE TO CHECK CARD SFQIIENCE CODE, 
IFINOl-NO'l 50,60,50 
50 WRITEI!OIJTPR,lORO)NOl,NO? 
!ORO FORMITI 0 SEQUENCE/CODE NO, ERROR, CHECK •,!5,' ANO',I5, 
+' **EXECUTION TERMINATED' l 
c 
KIK = l 
GO TO 190 
60 CONTINUE 
01/TPIIT OF SEVERITIES 
WRITFI IODTPR,l090) 
1090 FORMAT(/ ' ROADWAY 
TOTl=O 
TOT2=0 
TOT3=0 
TOT4=0 
00 AO l=l ,NCAU 
AND TOTALS, 
CAUSE TACC NEAT 
WRITE I IOUTPR,llOO) I,( SEV II, J lo J=l-,4 l 
1100 FORMAT llX,I7,Fl2,0,3F6,0) 
70 CONTI NIJE 
TOTl=TOTl+ SEV I I,!) 
98 
Nl N.J NPRn • 1 
TOT2=TOT2+ SEVII,Zl 
TOT3=TOT3+ SEVII 0 3) 
TOT4=TOT4+ SEVI 10 4) 
80 CONTINUE 
WRITEIIOUTPR,ll!Ol TOTl 0 TOT2,TDT3,TOT4 
1110 FORMAT(' TOTALS' 0 Fl2.0,3F6,0) 
C INPUT NEXT SET OF NALT CARDS, ONE FOR FACH ALTERNATIVE 
NJ=3+NCAU 
00 llO I=1,NALT 
READIINN,1120l N03 0 ICSEF(J,J), J=l,NJ) 
1120 FORMATII4 0 F7.0,F2,0,F5.0,BF3,2l 
JFIN03-N01)90 0 lOOo90 
90 WRITEIJOUTPR,!OBOl NO!, N03 
KIK = l 
GO TO 190 
100 CONTINUE 
110 CONTINUE 
C OUTPUT OF ALTERNATIVE INFORMATION, 
WRIHI IOUTPR, 1130) I J,l=l,NCAlll 
1130 FORMATI/' ALTERNATIVE COST LIFE MAIN COST EFFECT ON ••• •, 
+BISl 
C NUMBER COUNT CHECK OF SEVERITIES. 
00 120 l=l,NALT 
WRITEIIDUTPR,ll40) I,(CSEF(I,Jl,J•l,NJ) 
1140 FORMATII7,Fl3,2,FR.O,F9.2,F24.2 0 7F5.2) 
120 CONTINUE 
C COMPUTATION OF Blllo THE JTH ALTERNATIVE BENEFIT. 
DO 140 l=l,NALT 
Bill= 0. 
DO \30 J=l,NCAIJ 
,lEFT = J +3 
Rill= Bill+ (CFAT*SEVIJ,2l+CIN,l*SEV(J,3)+CPDD*SEVLl,4ll* 
+ CSEF(J,JEFTl 
130 CONTINUE 
COSR0610 
COSB0620 
COSR0630 
COSR0640 
COSA06o0 
COSA06h0 
COSA0670 
COSA06RO 
COSR0690 
COSR0700 
COSR07l0 
COSR0720 
COSROBO 
COSR0740 
COSR07oO 
COSR0760 
COSR0770 
COSR0780 
COSR0790 
COSBOROO 
COSAOR10 
COSBOR20 
COSAOA30 
COSAOA40 
COSAOAoO 
COSAOAM 
COSROA70 
COSBOARO 
COSAOA90 
COSR0900 
CIJSR0910 
COSR0920 
COSR0930 
COSR0940 
140 CONTJN!JE COSR09on 
C CALCULATION OF BENEFIT/COSTS AND OUTPUT. COSR0960 
WRITFIIOUTPR,ll50) COSR0970 
1150 FORMATI///5X,• BENEFIT/COST ANALYSIS'//' ALTERNATIVE COST COSR09RO 
+ AFNFFIT BENEFIT/COST' l COSB0990 
DO 150 l=!,NALT COSA!OOO 
B( I l=RII l*CSEFI J,2l/TJME COSR1010 
RNCS = Bl I l/CSEFII oil COSA1020 
WR I TF I I 0 UT P R, 1160) I , C SF F I I , l l , A I I ) , ANC S C 0 SA 1 0 30 
1160 FORMATII7 0 Fl4.~ 0 Fl4,2,Fl8,4) COSRI040 
150 CONTINUE COSR!OoO 
WRITEIIOUTPR,1170J COSBIOAO 
1170 FORMAT( Ill' BENEFIT/COST ANALYSIS, MAJNTENANCI' INCLUDED'/) COSAI070 
WRITFI JDUTPR, 1180) COSAIORO 
!lAO FORMAT(' ALTfRNATIVE MAINTENANCE TOTAL COST RENFFJT/COCOSR!090 
+ST' ) COSRIIOO 
no 160 1=1oNALT COSA1110 
XMAIN=CSEFI J,Zl*CSEFI I ,3) COSRII:'n 
RNCM = Blll/ICSEFII,ll+XMIJNl COSAll30· 
TMCST=CSEFI J,I)+XMAJN COSBll40 
WRITFIJOUTPR,l190l J,XMAJN,TMCST,ANCM COSA!l50 
1190 FORNATIJ7,F23,2,Fl4.2,FI6,4) COSR11AO 
160 CONTINIIE COSA1!70 
WRITE I IOIJTPR,l200) COSRllRO 
1200 FORMAT( ///' BENEFIT/COST ANALYSIS, MAINTENANCE INCLUDED ***PRECOSB1190 
+SENT WORTH METHOD***'/) COSAI200 
WRITE I IOUTPR,InOl COSR1210 
1210 FORMAT(' ALTERNATIVE MAINTENANCE TOTAL COST BENEFIT COSA1220 
+ BENI'FIT/COST•) COSA1230 
00 170 I=I,NILT COSRl240 
LJFf' = CSEFI 10 2) COSAI250 
X= !l,+RATEINl**LlFF COSBIZAO 
99 
PWF = (X-1.1/(RATEIN*XI COSA1270 
Y = (1.+RATEGRI/C1.+RATEJNI COSA12AO 
PWEXGR = CY**CLlFE+11-1.1/CY-1.J- 1 COSA1290 
PWC(NUMBER,11 = 0 COSAI300 
PWB(NLIMBER,ll = 0 COSR1310 
PWMAIN = PWF*CSEF(J,31 COSB1320 
PWC(NIJMBER,J+ll = CSEFCJ,ll + PWMAJN COSA1330 
C ROIINO PRESENT WORTH COSTS TO NEAREST INCREMENT COSA1340 
IPWC = PWCCNUMAER,I+11/XJNC + .5 COSA1350 
PWC(NUMBER,J+11 = IPWC*XINC COSA136n 
PWB(NIIMBER.I+ll = PWEXGR*ACII/L!FE COSB1370 
PWBC = PWR(NUMBER,J+11/PWC(NUMRER,I+11 COSA13RO 
WRITF(JOUTPR,1Z201 J,PWMAJN,PWCCNUMRER,I+11,PWB(NUMAER,J+11,PWBC COSA1390 
1220 FORMAT(J7,F23.2,F14.2,F11.2,5X,F11.21 COSB1400 
170 CONTINUE CDSR14!0 
NUMBER = NUMBER + 1 COSR1420 
GO TO 10 COSA1430 
180 CONTINUE COSA1440 
NIJMAER = NUMBER - 1 COSA14'i0 
JF(NUMAER.EO.NSTGJ GO TO 190 COSB146n 
WRITF(IOUTPR,12301 CDSA1470 
1230 FORMAT('l 1 ,40( 1 * 1 ), 1 WARNING 1 ,40{ 1 *1)//1 COSP.l4RO 
WRJTFCIOUTPR,12401 NUMAER,NSTG COSA1490 
1240 FORMAl(' •,•NUMBER OF LOCATIONS READ= •,13/' •,•NUMBER OF LDCATIOCOSR1500 
+NS EXPECTED= 0 ,131 COSA1510 
190 CONTINUE COSR1'i20 
RETURN COSRI'i30 
END COSR1'i40 
100 
SUBROUTINE DYNAM 
SIJBROlJTINE DYNAM(C,B,LOC,XLOC,NOE,NSTG,XINC,Kl,K2 9 NINP,NLOC, OYNAOOlO 
+ ORET,NOO,IOlJTPR) OYNA0020 
C THIS SIIRROUTINE USES "DYNAMIC PROGRAMMING" TO FIND THE OPTIMAL OYNA0030 
C SOLUTION SET ALTERNATIVES IONF AT EACH LOCATION) GIVEN COSTS, DYNA0040 
C RENEFITS AND A RANGE OF AliDGETS. THE ALGOR IT HUM IS RASED ON WORK BYOYNAOO?O 
C RICHARD BELLMAN !DYNAMIC PROGRAMMING,l957) OYNAOOhO 
OIMENSION ORETINLOC,N!NPJ,NODINLOC,N!NP),NOEINLOCI, OYNA0070 
+ CINl_OC,llJ,RINLOC,ll),RillJ,XLOCINLOC,51 0 LOCINLOCJ OYNAOORO 
IST•O DYNA0090 
VRET=n.n nY~IAOlOO 
WRJTFI !OUTPR,ll30) OYNAOllO 
WRITE I !OliTPR,IOOOJ OYNA0120 
l_Cifl() FORMAT( 1 1 ,40( 1 *' ),•PARAMETER VALUES' 9 40( 1 * 1 )////) OYNA0130 
WRIHI InliTPR,!OlOI OYNA0140 
l'ltt) FORMAT(' 1 ,?7X,lA( 1 - 1 ), 1 0liTPlJT 1 9 lA( 1 - 1 )) f1YNA0l'l0 
WRITF( IOUTP.~,l020) NSTG,XINC,Kl,K2 i1YNA0160 
10?0 FORMATI5X,'LOCATIDNS---INCREMENT---LOWER LIMIT---INCREMENTS PER STOYNA0170 
+ E P 1 , I , 3 X, I 9 , 3 X , F 12 e 2 , I 9, lOX , I 9 , I I , t --- --Ln CAT I ON-- -A l T F RNA T I V E S 1 ) DY N A 0 1 R n 
i)f) lO I=l,NSTG 11Yf\IAOlqn 
WRITFIIOUTPR,1030I LOCI!I,NllEill OYNIO?Oll 
\010 FORM6Tf7X, 15, 110) 
10 CONTII\IlJE 
WRITE I !OllTPR,l0401 
1040 FORM!IT( 1 l 1 ,30( 1 *'l, 1 LOCD.TIOt\IS,ALTERf\IATIVES,COSTS AND BENEFITS', 
OYNAO?!O 
DYNi\0220 
11Yf\IA0230 
OYN.0?40 
f1Y/\IA02SO + 30( 1 '~ 1 )////) 
WRIHI!Ol/TPR,10501 
lOCO FORMAT llH , •--LOCAT!ON---LOCATIIJN 
+-----RETURN-----RIC RAT In' I 
OYNA0?6ll 
NAME-------- AL T -NllM--------COS HlYNAOZ 70 
llYNAOZRO 
C FINO THE DPTIM•L ALTERNATIVE AT THE 1-TH LOCATION WITH J INCREMENTS OYNA0290 
C AVAILABLE OYNA0300 
DO 1.40 I=l,NST\, 
t\lf)EC=N!lE( I )+1 
Rl11•ll, 
no /'0 1C=2,t\111EC 
20 RI!CI • RII,!CJ 
no ~n IC=2,NDEC 
!CM1 • IC-l 
RC RAT • R I I C I I C I I , I C I 
W R I T F ( I n lJT P R , 1 0 6 0 ) l DC ( I ) , ( X l OC ( I , J ) , J = 1 , 5 ) , I C M 1 , C ( I , I C ) , R ( I C ) , 
+ RC R II T 
1060 FORMAT(J9,5X,5A4,16,3X,Fll.O,Fll.0,4X,Fl0.2) 
30 CWH I 1\IIJE 
1070 FORMATIBF!O,OI 
nn 1 '30 J=l ,r'-IINP 
C 1 NCRFMf=I\IT RlJOGET 
X!N•IJ-li''XINC 
n1 JM=-1 nnono nonnono .. 
Nf1FC=NOFf 1 J+l 
C DETERMINE THF REST .LTERNATIVE--NOOII,JI--AT I-TH LOCATION GIVEN 
C J-1 INCREMENTS TO SPENO ON LCJCATION 1 THRll LOCATION 1-----YIFLD!NG 
C A RETIJRf\1 OF--nRETfl,Jl--
00 l2f1 K=l,!\IOE=C 
CALL XntJT( I, IST,XIN,K,KICK,XINC,C,NLnCJ 
lFfK.ICKJSO,S0,40 
40 GO Tll 1?0 
i:iO COr>.IT!NtJE 
1F(l-lJ60,h0,70 
hO TFST•RIKI 
l,Q Hl RO 
70 TEST•RIKI+nRETII-1,ISTI 
0Yr'IJA0310 
OYNA0320 
0Yt>.IA0330 
[)YNA0340 
nY"lA0350 
OYNAfl3h(l 
OYNA0370 
OYNA03RO 
OYNA0390 
0Yr\IA0400 
OY"IA041 0 
DYI\IA04?fl 
DYI\IA0430 
DYMA044(l 
DYNA0450 
OYN.Ml4h(l 
DYJ\1/\0470 
OYNA04RO 
DYNA0490 
DYNAOI)OO 
nyr-.IAOSlO 
OYNA0'120 
OYI\IAOIJ30 
OYNA054fl 
11YNAO"i'10 
OYNA0'1AO 
I"JYf\lfiO"i70 
0Yr\IA05RO 
nYI\IAO"i90 
nYNAnnnn 
lOl 
GO Tn RO 
RO IFIIOIIM-TESTl )90,100,100 
90 OIJM=TE S T 
ORETII,Jl=DUM 
NOO(!,,Jl=K 
100 GO TO 110 
110 CONTINUE 
PO CONT !NUE 
130 CONTINIIE 
140 CONTINUE 
IPAGF = 0 
C WRITE MAIN RIJDGET OUTPUT HFAOING 
WRITF I !OUTPR,1080) 
!ORO FORMAT( 1 1' 9 901 1 * 1 )/ 1 1 ,371 1 * 1 ), 1 FHJOGET OUTPUT 1 ,37('* 1 1/ 1 •, 
+ 90( 0 * 0 )/////) 
DO 10n M=Kl 1 NINP,K2 
.J=M 
XIN=IJ-11*XINC 
IPAGF = !PAGE + 1 
IFI IPAGE.NE.1l WRITE I IOUTPR,l130) 
C WRITE INO!V!OlJAL BUDGET OUTPIJT HEADING 
WRITEIIOUTPR,1090l 
1090 FORMAT(' 1 9 15X, 1 AUO(;ET LOCATION = 1 ,4X,•LOCATION NAME 
+ 1 ,4X, 1 ALT-NlJM',5X,•CnST 1 ,6X,iRETURf\1 1 9 4X,'ACCtJM RET\JRN 1 ) 
WRITFI !OUTPR,l1001 X!N 
1100_ FORMAT( 1 0 1 9 6X,Fl5 .. 21 
TOTCST = 0 
TnTRHI = 0 
DO !'50 L=!,NSTG 
·l=NSTG+ 1-L 
K=t-mnri,JJ 
KK=NOO( J,JI-1 
TOTCST = TOTCST + CII,KI 
TOTRTN = TOTRTN + Ril,KI 
C WRITF 1-TH LIJCATION INFORMATION---TOTAL BUOGFT OF M INCREMENTS 
WRITE I IOUTPR,1110I LOCI II, IXLDCI I ,JJI,JJ=1,5l ,KK,CI I,K), 
+ R( I,K),nRET( I,J) 
1110 FORMAT(' 1 9 24X,I4,9X,5A4,~X,l4,2Fl2.0,4X,Fl2.0) 
CALL XnlJT( I, IST,XIN,K,KICK,XINC,C,f\llfiC) 
J=l q 
X IN = X IN-C I I, K I 
150 CONTINUE 
C WRITE TOTALS 
WR ITF I I OIJT PR, 1120 l TDTCST, TOTR TN, ORET INS TG, M I 
1120 FORMAT( 1 0 1 ,29{ '*'It 1 TOTALS 1 ,29{ '*') 9 2Fl2.0 1 4X,Fl2.0) 1 AD CO~IT I NIJE 
!70 i~RITEI IOIITPR,1!30) 
!130 FORMAT( 0 ! 0 ) 
1HO CONTI ~IIJE 
RETIJRN 
END 
102 
OYNA06!0 
DYNA0620 
OYNA0630 
OYNA0640 
OY~IA0650 
OYNA0660 
0YNA0670 
OYNA06R0 
OYNA06go 
OYNA0700 
0YNA07l0 
0YNA0720 
0Yf\1A0730 
DYNA0740 
flYf\IA07'10 
0YNA0760 
OYNA0770 
OYNA07RO 
OYNA0790 
OYNAOROO 
OYNAOR!O 
OYNAOR20 
DYNAOR30 
OYNA 0840 
fWNAOA'10 
OYNAORAO 
DYfi.IAOR70 
OYNAORRO 
fWMAOR90 
OYNA0900 
OYMA0910 
rJYI\IA0920 
OYNA0930 
OYNA0940 
f)YI\IA091)0 
f}YI\IA09AO 
f1YNA0970 
OYNA09RO 
f)YI\IA09GO 
OY,..,IA 1000 
OYNA10l0 
OYNA102D 
f)Yf\IA 1030 
rWf\IA 1040 
OYI\IA 1050 
DYI\IAlOA() 
DYNA1070 
OYI\IAlOR!l 
OYI\IA 1090 
OYNA!100 
OYNAII10 
SUBROUTINE XOUT 
SUBROUTINE XOUTII,IST,XIN,K,KICK,XINC,C,NLOCl Xnt I TOOl 0 
'~ f")IITO();?() 
XOI!T0030 
X(JIIT0040 
Xfl,lJTOOSO 
xntiTOOAO 
xn11T007n 
.(flllTOfiAO 
·x:mJTn090 
Xn11T0100 
X.(J11T01lfl 
Xf"l\1101?0 
/C)i1T013n 
1 ,.111T0l40 
'<.lliJTOl SO 
~OIITOlnO 
_xni!T017n 
c 
c 
c 
c 
c 
c 
THIS SUBROUTINE CALCIILATES THE OUTPUT STATE NUMRER 
RESULTING FROM THE INPIJT XJN AND SAFETY MEASIIRE K. IT 
ALSO DETERMINES THE COST OF A PARTICIILAR SAFFTY MEASIIRF 
CORRESPONDING TO STAGE I. 
DIMENSION CINLOC,lll 
0\JT=XIN-CIJ,Kl 
IFIOIIT) 10,20,20 
10 KICK=! 
I ST = 1 
GO TO 30 
20 KICK=O 
IST=IOilT/XINCl + 1.5 
30 RET\JRN 
ENfl 
VARIABLE LIST 
The following is a description of the variables used 
in the main program and in subroutines COSBEN, 
DYNAM, and XOUT. Variables preceded by* are part 
of the input data. 
VARIABLE LIST FOR MAIN 
INN Device number for local card reader 
IOUTPR 
*TITL(K) 
*XLOC(N,K) 
*LOC(N,K) 
*NDE(N) 
NLOC 
*NSTG 
*XINC 
*XINP 
*KI 
*K2 
C(N,I) 
B(N,I) 
KIK 
(specify in MAIN) 
Device number for local printer 
(specify in MAIN) 
Title of run 
Alphanumeric array containing 
location name for N-th location. 
Integer array containing reference 
number for Nth location. 
Integer array containing number of 
alternatives at N-th location. 
Maximum number of locations to 
be considered. 
Number of locations 
Increment size 
Number of increments into which 
budget is divided 
Starting budget for printout (in 
number of increments + I) 
Budget printout intervals (in 
number of increments) 
Cost of 1-th alternative at N-th 
location 
Benefit of 1-th alternative at N-th 
location 
Kickout variable -- value of I 
terminates program 
VARIABLE LIST FOR COSBEN 
The following variables are stored and kept 
throughout the entire program execution: 
NUMBER 
XLOC(N,K) 
INN 
IOUTPR 
KIK 
LOC(N,K) 
NDE(N) 
*RATEIN 
*RATEGR 
PWC(N,I) 
PWB(N,I) 
Number of locations 
See variable list for MAIN 
See variable list for MAIN 
See variable list for MAIN 
See variable list for MAIN 
See variable list for MAIN 
See variable list for MAIN 
Present interst rate (decimal) 
Present traffic volume growth rate 
(decimal) 
Present worth cost (including 
exponential growth factor) for 1-th 
alternative at N-th location 
Present worth benefit (including 
exponential growth factor) for 1-th 
alternative at N-th 
103 
The following variables pertain to each location and 
the values are destroyed after cost-benefit calculations 
are made: 
*SEV(J,I) 
*CSEF(J,I) 
B(I) 
XMAIN 
BNCS 
BNCM 
BNCM 
FWBC 
104 
Real array containing the following 
accident history for the I-th 
alternative: 
SEV(l,I) -- Total number of 
accidents 
SEV(2,I) -- Number of fatal 
accidents 
SEV(3,I) -- Number of nonfatal 
injury accidents 
SEV(4,!) -- Number of property 
damage only 
accidents 
Real array containing the following 
cost and effect data for I-th 
alternative: 
CSEF(! ,!) --
CSEF(2,!) --
CSEF(3 ,!) --
CSEF(J ,I) --
Initial cost 
Life (years) 
Maintenance 
cost per year 
Effect (percent 
reduction) on 
cause (J - 3); J 
= 4, 5 ---
Real array containing total benefit 
for the I-th alternative (calculated 
neglecting economic and volume 
growth factors) 
Total maintenance cost for the I-th 
alternative (calculated neglecting 
economic and volume growth 
factors) 
Benefit-cost ratio for the I-th 
alternative (calculated neglecting 
economic and volume growth 
factors) excluding maintenance. 
Benefit-cost ratio for the I-th 
alternative (calculated neglecting 
economic and volume growth 
factors) 
Benefit-cost ratio for the I-th 
alternative (calculated neglecting 
economic and volume growth 
factors) including maintenance. 
Benefit-cost ratio for the I-th 
alternative (calculated neglecting 
economic and volume growth 
factors) including maintenance and 
using an exponential growth rate 
factor and the present worth 
method of calculatin costs and 
benefits 
*ALT 
NALT 
*NCAU 
*TIME 
*NMO 
*NYR 
*LIFE 
Number of alternatives 
Number of alternatives 
Number of accident causes 
Time period of accident history 
(years) 
Month of investigation 
Year of investigation 
Life (years) 
V ARJABLE LIST FOR DYNAM 
The following variables are described in the variable 
list for MAJN. AJl are passed as arguments into DYNAM: 
•c 
*B 
*LOC 
*XLOC 
*NDE 
*NSTG 
*XINC 
*Kl 
*K2 
*NINP 
*NLOC 
The following variables are used for calculations at 
the I-th stage: 
K 
IST 
NDEC 
R(K) 
BCRAT 
XIN 
NOD(I,J) 
ORET(K,J) 
TEST 
DUM 
KICK 
TOTCST 
TOTRTN 
Stage of investigation 
Alternative at Location being 
considered 
Number of increments that would remain 
if K-th alternative, Location I, were 
chosen at Stage I 
Number of alternatives + I (Location I) 
Return from K-th alternative (Location 
I) 
Benefit-cost ratio for K-th alternative 
(Location I) 
Variable budget ((J - I) increments) 
Integer array containing best alternative 
from I-th Location given (J - 1) 
increments to spend at I-th stage 
Real array containing optimum return 
for spending (J - I) increments at I-th 
stage 
Return at I-th stage from K-th alternative 
plus optimum return for remaining 
budget at (I - I )-th stage 
Maximum value of TEST 
Integer containing "0" if there is 
insufficient budget left to do K-th 
alternative (Location I) 
Total cost of chosen improvements 
Total return from chosen improvements 
VARIABLE LIST FOR XOUT 
The following variables are described in DYNAM. 
All are passed as arguments into XOUT: 
I 
1ST 
XIN 
K 
KICK 
*XINC 
*C 
*NINP 
OUT Budget that would remain if K-th alternative, 
Location I, were chosen at Stage I 
INPUT CODING INSTRUCTIONS 
The following is a description of the input required 
to use the program presented in APPENDIX A. It should 
be pointed out that the input and output device 
numbers, INN and IOUTPR, respectively, must be 
defined in MAIN. Also in MAIN, the following 
dimensions must be specified: the dimension of NDE 
and LOC must be the same as the first dimension of 
XLOC, C, B, ORET and NOD; all of these dimensions 
are equal to NLOC. The second dimension of ORET 
and NOD must be equal to NINP. The variables NLOC 
and NINP correspond to the maximum number of 
locations and budget increments, respectively, and must 
be defined in MAIN. Any capitalized term refers to the 
variable exactly as found in the program. All integer 
quantities must be right-adjusted. Real numbers should 
be punched with a decimal or right-adjusted. 
CARD 
I 
1 (Type A) Title Card 
Title of run: TITL 
In Columns 1-80 place any alphanumeric 
symbols desired 
CARD 2(Type B) Printout Card 
I. Number of locations: NSTG 
In Columns 1-4 place the number of locations 
actually being considered (integer number) 
II. Size of increment: XINC 
In Columns 5-10 place the size of the 
increments into which the budget is divided 
(real number) 
III. Starting budget increment: Kl 
In Columns 11-14 place the number of 
increments ( + I) corresponding to the first 
budget desired printed out (integer number) 
IV. Budget increments: K2 
In Columns 15-18 place the number of 
increments between successive budgets desired 
printed out (integer number) 
CARD 3 (Type C) Accident Cost Card 
I. Cost of fatality accident: CF AT 
In Columns 1-10 place the average cost of a 
fatal accident (real number) 
II. Cost of nonfatal injury accident: CINJ 
In Columns 21-30 place the average cost of 
a property damage only accident (real 
number) 
III. Cost of property damage only accident: CPDO 
In Columns 21-30 place the average cost of 
a property damage only accident (real 
number) 
IV. Interest rate: RATEIN 
In Columns 31-40 place the present available 
interest rate (real number) 
V. Exponential growth rate: RATEGR 
In Columns 41-50 place the expected traffic 
volume growth rate (real number) 
Note: Card types D, E, and F are repeated for each 
location. 
CARD 4 (Type D) Location Card 
I Location reference number: LOC 
In Columns 1-4 place location reference 
number (integer number) 
II. Location name: XLOC 
In Columns 5-68 place the alphanumeric name 
associated with the location 
Ill. Leave Columns 69-71 blank 
IV. Time period of accident history 
In Columns 72-75 place the time period (in 
years) of the accident history (real number) 
V. Present date 
In Columns 76-77 place month (integer 
number) 
In Colunms 78-79 place two last digits of year 
(integer number) 
VI. Number of causes: NCAU 
In Column 80 place the number of accident 
causes (integer number) 
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CARD 
I. 
II. 
5 (Type E) Severity Card 
Location reference number: XLOC 
In Columns 1-4 place location reference 
number (integer number). This should be the 
same as on Card 4. 
Severities for CAUSE I (real number, 
right-adjusted) 
In Columns 5-6 place number of accidents 
attributed to CAUSE I 
In Columns 7-8 place number of fatal 
accidents attributed to CAUSE I 
In Columns 9-10 place number of nonfatal 
injury accidents attributed to CAUSE I 
In Columns 11-12 place number of property 
damage only accidents attributed to CAUSE 
I 
III. Repeat II for CAUSE 2, CAUSE 3, etc., 
continuing on same card; use integer fields of 
two, i.e., Columns 12-14, Columns 15-16, etc. 
Note: Maximum of eight causes 
IV. Number of alternates: ALTR 
In Columns immediately following last 
CAUSE place the number of alternatives (Real 
number, right-adjusted in an integer Held of 
two) 
Note: Maximum of ten alternatives. 
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CARD 6 (Type F) Alternative Description Card 
I. Location reference number: LOC 
In Columns 1-4 place location reference 
number (integer number); his number should 
be the same as on Cards 4 and 5 
II. Cost 
In Columns 5-11 place initial cost of 
alternative (real number) 
III. Life 
In Columns 12-13 place estimated life (in 
years) of alternative (integer number) 
IV. M3.intenance cost 
In Columns 14-18 place estimated 
maintenance cost per year of alternative (real 
number) 
V. Effect on CAUSE I 
In Columns 19-21 place the fractional 
reduction of CAUSE I by implementation of 
alternative (real number) 
VI. Repeat V for CAUSE I, CAUSE 2, etc. 
continuing on the same card using Columns 
22-24, Columns 25-27, etc. 
Repeat Card type F for each alternative at given 
location. Last card of datadeck MUST be blank. 
